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THE OIVD OBSERVATORY AT PEKING 
Viewed from the Walls of the Tartar Citj 


Ancient peoples found that a practical acquaintance with the elements of Astronomj was indispensable to the conduct of 
human life Having no docks they regarded the face of the Sky Egyptians, Babylonians, and Greeks studied the stars 
thousands of years ago The Chinese were past-masters in the art of reading the signs of the Heavens Kublai Khan, 
Emperor of Clnna m 1216, greatly patronised the study of Astronomy He built an Observatory at Peking which he 
equipped with many important astronomical instruments The Chinese anticipated by at least thiee centuries some of 

the most celebrated inventions of Western astronomers 


Introduction. 

T HE majesty of Nature has attracted man from the earliest times Poets, scientists 
and philosophers have found their deepest inspiration m the composite system which Nature 
displays The poet sings her beauty 

the divines her the philo- 


sopher proclaims her lessons Indeed, she is the 
fountain-head of all civilisation Mankind 
could never have progressed to the extent 
that it has done were it not for the generous 
amplitude of Nature m sustaining the physical, 
mental and moral development of the human 
race 

In this work a novel departure has been 
made from the traditional method of studying 
Nature m the most fascinating of her aspects 
Its aim is to present m a clear and intelligible 
manner the present state of our knowledge of 
the heavens The science of Astronomy has 
developed from a few scattered observations 
of the heavenly bodies to be one of very great 
dimensions, full of complicated technicalities 
and mathematical formulae It is no wonder 
that to “ the man m the street ” it has hitherto 
remained an impenetrable fortress, fit only for 
specialists to enter Up till the present day 
no attempt has been made on the scale here 
presented to set before the ordinary man a 
clear-cut and at the same time comprehensive 
exposition of the subject in a way that will 
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NICHOLAS COPERNICUS 
(1473—1643) 

Modern Astronomical Science owes much to Copermcus The 
question “ Does the Earth move ? ” he set‘hunself to answer 
He taught the principle of the Earth’s revolution round the 
Sun — a principle which was later developed by Kepler, 
Newton, and other celebrated astronomers , . 
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not only hold his m- 
enthiMasm for a study 
tarried m making 
Mankind m general has 
of Astronomy, the 
stars in, the heavens 
to purify and elevate 
astronomical studies 
Sciences" possesses in 
splendrous rohes a 
which runs throughout 
empire over which she 
made the courtesy, no 
of her distinguished 
monument to her com- 
has been able to 
grateful and lifelong 
felt a privilege to 
In this venture the 
sought and readily 
most eminent Astrono- 
their experience and 
knowledge of celestial 
work under a deep debt 
gladly acknowledged 
contribution m this 



GAIyllyEO 
( 1564 : — 1642 ) 

Galileo’s “glazed optic tube” was the forerunner of the 
modern, telescope The instrument was not actually invented 
by him, but he was the first to apply it to the systematic 
study of the Heavens The discoveries he made with it 
greatly strengthened the Copemican view of the Solar System 


terest, but fire his 
which the world has 
accessible to him 
but a very vague idea 
science of the glittering 
Nothing is so calculated 
the mind of man as 
“ The Queen of all the 
every thread of her 
mystery and delicacy 
the vast extent of the 
reigns Once having 
one — and the long line 
disciples is a living 
pelling attraction— 
resist paying her the 
homage which it is 
bestow 

co-operation has been 
granted of some of our 
mers The benefit of 
their accumulated 
phenomena places the 
of gratitude which is 
The chapters under 
and subsequent parts 


of the work have been specially written by the ablest authorities on the subject for the sole purpose 
of ^reading a knowledge of Astronomy into every homestead and village, town, city and country 
of th£ world Of its kind it is the first published with an appeal so universal In addition, the 
resources of modern telescopic, photographic and spectroscopic knowledge have been utilised m 
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From the [By J V Robert Henry 

GAJOhEO before the papaj, tribunal 

Galileo Galilei (1664-1642) was a mathematician and astronomer and accepted the Copemican theory His lectures at Padua 

attracted students from all parts of Europe , but his new ideas provoked ecclesiastical censure He was summoned before a 
papal tribunal m 1632 and condemned to abjure his scientific creed 





FIRST A SPHERE 
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A THEORY OF THE MOON’S FORMATION l- « « 

f of Moons on § lrL ha s always had a curious fascination for astronomers It is highly probable that the Earth 

w 0 r^zrjir„r bme v, n + rr d the bod ^ t * s b °<* ^ c <** «*. ** 

Earth morease u ““ tbe Mo ? n was thr0W11 mt0 space The tides would act as a drag on the spinning of the 

and this loss of energy would be transferred to the Moon, which was set whirling round our Globe at an ever-increasine 

distance. This retreat frrm-i "Porth 1C Ptrflti tt/vrrr 



AN ECLIPSE OF THE SUN AS VIEWED FROM THE MOON 

"When we, on the Earth, see the Moon eclipsed we are watch in g the effect 1 of our own shadow thrown out into space by the Sun 
An observer on the Moan would at such a time see the dark body of the Earth passing between himself and the Sun, +H i i s cutting 
off its light The atmosphere of the Earth would appear as a bright reddish nng, lit up from behind by the Sun 
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the endeavour to 
render it a complete 
descriptive and il- 
lustrated narrative 
of the glorious 
achievements of 
astionomical re- 
search 

On a starry 
night we gaze 
heavenwards and 
view the wide ex- 
panse of sky we 
linger in silent con- 
templation of the 
immensity of the 
scene which 
stretches infinite! y 
above us What 
emotions rush 
uppermost in our 
souls 1 We aie 
filled first with won- 
der at it all then 
the impulse to 





1HB EARTH AS A DISC 1 TyOAlTNCr IN WATER 


So far back as 5i50 b c the philosopher Pythagoras and his pupils spread the teaching that the 
Earth was not a disc surrounded by water, as had previously been believed, but a globe floating 
freely in space Mankind, however, had not yet discerned the great truth that the Earth turned 

on its own axis 


know its why and wherefore is succeeded by a feeling of admiration and reverence for the 
work which the hand of a Supreme Master has fashioned At each stage m our view the 


questions arise 
How and Wh y ? 
Wh enoe and 
Whither? “ There 
are two things/' 
says Immanuel 
Kant, " that ever fill 
me with new and 
growing admiration, 
the moral lawwithm 
me and the starry 
heavens above me 
The search after 
truth, whether it 
be moral truth or 
scientific truth,bears 
its own fruits and 
brings its own dis- 
coveries In this 
glorious adventure 
man is sustained 
m the depths of 
despair by the hope 
of tasting some- 



A MEDL33VAE ASTRONOMER IN HIS STUDY 
There was nothing as good as a modern spy-glass at the disposal of the ancient astronomer 
Observations of celestial phenomena were made with the naked eye alone, and whatever 
instruments were in use to assist particular investigations were quite unfitted for precise 
observations But the foundation of the marvellous structure of astronomical science was 


laid by these ancient spade workers 
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thing of its richness Is there conceivable, midst the welter of human strivings, a finer quest and 
a more ennobhng study than that which the science of Astronomy provides ’ 

Prehistoric man studied the heavens as an indispensable condition of daily life The stars were 
the almanacs of uncivilised peoples Partly by virtue of its practical necessity it came about that 
Astronomy was the first-born of all the sciences The stars were studied by the Chinese thousands of 
years ago the Egyptians, Babylonians, Greeks, in turn attempted to solve the riddle of the Universe 
Pythagoras taught his pupils that the Earth was a globe and not a disc surrounded by water At so 
early a date in the development of the science as 134 b c Hipparchus compiled a catalogue of 1,080 
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SIR ISAAC NEWTON 
( 1642 — 1726 ) 

From his earliest das s Sn Isaac Newton was engaged in all kinds of mechanical operations, constructing with rude tools wiud- 
nulls, water clocks, sun dials, etc He is famed for lus epoch-making discovery of the I*aw of Gravitation This principle 
--which he is popularly supposed to have deduced from tlic fall of an apple from a tree— he extended to the heavenly bodies 
which he saw were kept revolving in the sky as a result of the self-same force He discovered the composite nature of white 
light and mtioduced improvements in the construction of telescopes 


stais The "Almagest ” of Ptolemy was based on the doctrine of a stationary Earth, around which 
the Sun and Moon and the planets revolved as subsidiary and attendant bodies Before the invention 
of the telescope leading up to the giant instruments of our own day and the magnificent discoveries 
m photography and spectroscopy — the full advantages of which we are reaping for the first tim» 
in this work— the naked eye was the sole register of celestial i amfestations Speculation largely 
held the field till the 16th century, when the ingenious but mistaken doctrine of Ptolemy was 
displaced by the more simple explanations of Copernicus, who taught the principle of the Earth’s 
rotation and revolution But Kepler was the real founder of modern Astronomy, since he developed 
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thing of its richness Is there conceivable, midst the welter of human strivings, a finer quest and 
a more ennobling study than that which the science of Astronomy provides ? 

Prehistoric man studied the liea\ens as an indispensable condition of daily life The stars were 
the almanacs of uncivilised peoples Partly by virtue of its practical necessity it came about that 
Astronomy was the first-born of all the sciences The stars were studied by the Chinese thousands of 
years ago the Egyptians, Babylonians, Greeks, in turn attempted to solve the riddle of the Universe 
Pythagoras taught his pupils that the Earth was a globe and not a disc surrounded by water At so 
early a date m the development of the science as 134 b c Hipparchus compiled a catalogue of 1,080 



SIR ISAAC NEWTON 
(1642—1726) 

From his earliest daj b Sii Isaac Newton was engaged mall kinds of mechanical operations, constructing with rude tools wind 
mills, water-docks, sun dials, etc He is famed foi his epoch-making discovery of the I*aw of Gravitation This principle 
— which he is popularly supposed to have deduced fiomthe fall of an apple from a tree — he extended to the heavenly bodies, 
which he saw were kept revolving m the sky as a result of the self-same force He discovered the composite nature of white 
light and introduced improvements in the construction of telescopes 


stais The “ Almagest ” of Ptolemy was based on the doctrine of a stationary Earth, around which 
the Sun and Moon and the planets revolved as subsidiary and attendant bodies Before the invention 
of the telescope leading up to the giant instruments of our own day and the magnificent discoveries 
in photography and spectroscopy — the full advantages of which we are reaping for the first time 
m this work — the naked eye was the sole register of celestial i anifestations Speculation largely 
held the field till the 16th century, when the ingenious but mistaken doctrine of Ptolemy was 
displaced by the more simple explanations of Copernicus, who taught the principle of the Earth's 
rotation and revolution But Kepler was the real founder of modern Astronomy, since he developed 
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AN IMAGINARY VIEW ON MERCURY, THE SCORCHED-UP WORIyD 


[LEA 


Mercury is, of all the planets, the nearest to the Sim It forms, with Venus, the Earth and Mars, a group of “ terrestrial 
planets, so called because all resemble our Globe approximately m size and general* 'characteristics It seems to have 
little, if any, atmosphere— as is proved by its aspect when passing between us and the Sun The intense heat of the latter 

must render life, as we know it, impossible on Mercury 




. (v the great nebula in the constellation of ORION [Th ‘ Ycrkts 0bscrJxtorv 
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MISS CAROLINE IIIiRSCHEI, 

Caroline Herscliel rendered invaluable assistance to her 
brother, Sir William Herschcl She pi cpai cd charts for lum , 
and after his death labouied to prcpaie lus observations of 
nebulae and clusters for publication Her work during her 
brother’s life-time was largely cluical, and she would take 
down his observations as lu made than at the tele scope 
She found tune, however, to do some obsuving, and liersdf 
discovered eight comets 


in detail the generalities of the Copernican 
theory When m the course of this work we are 
introduced to the magnificent achievements of 
Tycho Brahe, Kepler, Galileo, Newton, Laplace, 
the Hcrschels and many great modern Astrono- 
mers, it will be evident how tremendous is the 
progress that has been attained and how impelling 
and fascinating the giandeur of the discoveries 
Absolutely beyond the wildest dreams of the 
ancients is this edihee of knowledge of the 
heavens which the intelligence of man has built 
up The instruments which he has slowly 
evolved multiply a thousandfold the vision of 
the naked eye 

In this great maich tow aids victory over the 
cosmos, women have taken a prominent place 
1 he Duchess Louise of Gotha, Caroline Herschel, 
Lady Huggins and others stand out pre-eminently 
^nd m modern times particularly American 
women are foremost in the interest they exhibit 
in the study of the sky 

The study of stellar evolution bungs <i pleasure 

1 


and enthusiasm difficult to uval or 
surpass Everyone has a chance to 
make discoveries even at this day 
The naked eye is capable of gauging 
numberless points of interest and 
instruction in the vast panoiama of 
heavenly objects As to instruments, 
a binocular or a small inexpensive 
hand telescope is all that is necessary 
Persistent watching can still discover 
many things and the amateur is 
justified in nursing the not unreason- 
able ambition of doing some service 
for astronomical science and acquiring 
a little well-earned fame For change 
is the very essence of celestial pheno- 
mena , and imagination lightly exer- 
cised is the best guide to the aspiring 
astronomer 

Have you ever pondeicd the 
mysteries of the Solar System ? Aris- 
totle tells us that the physicist* of old 
believed that the Sun was conveyed by 
night across the northern regions to 
be m time to rise m the east next 
morning, and darkness was due to 
lofty mountains screening off the 
sunbeams during the voyage Eclipses 



Pnoio vy ] [L N A 

THE EINSTEIN TOWER 

This -unusual foim of Observatory, first tried in Ameiica, contains a large 
telescope permanently fixed in a vertical position , hence the height of the 
Towel Such a telescope is very rigid and free from disturbing currents of 
air, which renders it specially suitable for the extremely refined observations 
necessary for the testing of the great theory, known as Einstein’s “Theory 
of Relativity ” The light of the stars is directed down the telescope by 
great mirrors moved by clockwork 
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SIR WIBBIAM HBRSCHEI. 

(1738-1822) 

Sir William HerscJael was the greatest observer of the 
eighteenth century In his early days as a poor music 
master he devoted his few spare hours to his hobby 
Unable, through poverty, to buy a telescope, he set 
himself to make one, and he ultimately constructed his 
giant 40-foot telescope at Slough, near Windsor He 
discovered the planet TJranus, and laid the foundations 
of modem sidereal astronomy 

ment proceed upwards ad infinitum P How do 
we know that m the stellar universe as a whole 
the Sun is but a speck ^ More than a million 
Earths could find a home in the Sun and yet 
at least 1,000 million such suns have actually 
been photographed by our modern telescopes 
and doubtless many more remain to be revealed 

This is an instance sufficiently powerful to 
impress us with the insignificant part allotted 
our Earth in cosmic evolution Indeed, the 
Earth is comparable only to a snowflake driven 
by the roanng storm which mingles it in one 
grand chaos At best it is a drop in the vast 
ocean of worlds We live on a planet continually 
whirling and poised without visible support in 
space Our nearest neighbour is the Moon, 
which is only 240,000 miles away The distance 
of the Earth from the Sun is about 93,000,000 
miles That of the nearest of the stars is 
25,000,000,000,000 miles * How are we enabled 
to measure these distances and how are we 
assured of their accuracy ? 

These and other questions will be answered 
in the course of this work Everyone knows 
that the Sun is the source of all the heat and 
light which we on this Earth enjoy, and it is the 
fundamental condition of our continuous 


of the Sun and other celestial phenomena, we read, 
struck terror into savages , and We know that the 
priests of primitive times made this ignorance and 
fear of uncivilised tribes a pretext for gam and 
undue advantage Many of our most cherished 
superstitions are connected with the “ Twelve 
Signs of the Zodiac ” , and yet how flimsy and 
unreasoned these superstitions appear once a 
little knowledge of the stars has been acquired 
Indeed, it was once fancifully suggested that the 
stars were golden nails driven deep into the crystal 
of the heavenly dome It was never realised that 
the rigid peace of the heavens was only apparent 
And what of our Mother Earth which was for so 
long believed to be flat ? 

The Sun is the centre of the Solar System By 
virtue of its immense gravitative power it holds the 
planets revolving round it m space These bodies, 
including the Earth, move through space with 
velocities truly stupendous But whence does the 
Sun derive this tremendous power of attraction ? 
Is it m turn attracted and held m space by a still 
more powerful sun or suns, and does this arrange - 



JAMBS BRADIfBY 
(1693-1702) 

Bradley succeeded Halley as Astronomer Royal Some 
accidental observations made m a boat on the Thames gave 
him the clue to his explanation of a puzzling annual 
placement of the stars, which he communicated to the Royal 
Society in 1729 This, with his discovery of a particular 
movement of the Barth’s axis, was an indispensable prclimm 
ary to accuracy in fixing the places of the heavenly bodies 



Dramngj 

SA.TURN 

££« Saturn is distinguished by the possession of a unique set of appendages, which take the form of several concentric rmvs 
Theie is nothing else quite like them in the Heavens They are known to be composed of myriads of separate particles whose einrt 

blacl? Z Ur n r D I'™’ f lcast ' ° f th ? nngs are P art ‘y transparent and stars have been sj throughlh^as ttough Ivefi The 
black cncular line in the picture represents a permanent fissure or gap between the two main nngs hike Jupiter, the globe Satuw 

occasionally betrays internal tumults bj eruptions of spots 




^t e tn^rS n ?,f PeIStltl t 0 ^ aS ^ Ciated ? e appearance o£ «»«* with terrestrial disasters aud calamities A splendid 
PP “ t toe Norman Conqnest and the Saxon inhabitants of this land cannot have failed to connect the two 

events In those far of! days the laws governing the movement of comets were quite unknown 
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existence on this planet Were the Sun 
suddenly to lose its radiative powers, 
animal and other life on this Earth would 
become extinct Whether some such fate 
is to he the ultimate end of the Solar System 
has been an open question for centuries 
and it still remains open Yet it is 
sufficiently established that the Sun is not a 
solid body like our planet , but a semi- 
gaseous globe radiating a fierce heat, 
albeit with less force than characterised its 
action millions of years ago It contains 
hydrogen, sodium, iron, magnesium, and 
other elements, all m the form of gas 
It has been calculated that it would take 
tens of thousands of years for the Sun to 
shrink even a particle of its present extent 
and still the heat which the Earth derives 
from the Sun would be m no wise sensibly 
diminished So far as human intelligence 
can see, the Solar System will have a 


continuous exustj 
to come 
Again, 
from the sta 
tary 


globes 


age 


washi 
to repr 
reach 
of 

vers 


(or millions of years 

feider the question 
the Moon Plane- 
through the gradual 
The Moon would seem 
Condition which all will 
Rant future What, then, 
members of the stellar um- 
what purpose, indeed, its 
balance and self-regulating 
bis divine mechanism with its 
springs ? But the conclu- 
science m this connection are 
5y hazy We cannot satisfactorily 
! a given state and at the same time 
^certain that it is really going to happen 
persist in the faith of our fathers and 
■ implicit trust m the everlastingness 
of created things that if death intervenes 
fe is always being created “ The old 
jrder changeth, yielding place to the new ” 
|cpresses for us a deep-rooted and meradic- 
ple conviction which man cannot wil- 
jpigly let die 

It is, however, generally agreed that 
jthc world was once a fluid haze of light ” 
pw it came about that the constituent 
of our Solar System were set 


use 


place 


idles 



HAILEY’S COMET IN 1910 

This time the same comet had a very different reception Halley, at 
the end of the Seventeenth Century, had shown that this body was 
periodic m its visits to our vicinity, returning everj, 75 years or so 
Since his time it has been seen at every visit At its last return m 1910 
it was not well seen in England, but our photograph, taken at Johannes- 
burg, shows that it was a magnificent object to Southern observers- 
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TYCHO BRAHfi 


( 1564 - 1601 ) 

The work of Tycho may be said to mark the commencement 
of the era of exact astronomy He was by'far the most 
accurate of the pre-telescopic observers Frederick II 
of Denmark made him a grant of an islet m the Sound, 
where he built a mansion and erected magnificent 
instruments, which he used with consummate skill It 
was on Tycho’s exact observations that Kepler based lus 
famous laws of planetary motion 

to be the most distant planet , but the exist- 
ence of at least three trans-Neptuman planets 
has been conjectured by some astronomers 
At all events, it seems to be the case that the 
boundaries of our System are yet only pro- 
visionally fixed The time and manner of 
its formation are alike uncertain If the Sun 
is now a shrunken body compared to the 
vast dimensions of its structure long ago, we 
may believe there was a time when no planets 
existed and all were swallowed up in a 
sphere which extended beyond the limits of 
our System as at piesent known According 
to the famous theory of Laplace, the latter 
began as a nebula,” a mass of gaseous 
materials which was somehow set in whirling 
motion Progressive condensation of this 
distended body would exercise a quickening 
influence upon its rotational movement until 
fragments of its substance m the form of 
rings were successively whirled from off the 
parent body to condense later into the planets 


wheeling in the void is a question which we find 
more difficult to answer than our predecessors 
with their limited knowledge supposed How was 
the Earth-Moon system formed ? It may be that 
in ages beyond human visualisation the Earth and 
the Moon constituted one fluid or plastic mass, 
but through rapid rotation a portion became de- 
tached and was whirled mto space to form the Moon 
The history of the planetary system is truly 
an absorbing study Greek mythology and poetry 
abound in allegorical references to the planets 
Mercury, Venus, Mars, Jupiter and Saturn have 
been known from time immemorial The orbit of 
Saturn marked the boundary of the Solar System 
as known to the ancients, Uranus and Neptune 
being discovered comparatively late in the history 
of Astronomy Neptune is in oui own day supposed 



KEENER 
( 1671 - 1630 ) 

Kepler is the i eal founder of modern asti onoruical theory He if 
was a pupil of Tycho Brahi and came into possession of the latter’a a* 
whole collection of observations of the planet Mars , and fron# # 
additional investigations he disclosed, by geometrical proof, the 
harmonious plan upon which our System is ordered His Three f\ 
lyaws as to the paths of the planets constitute his most notable 
achievement The full import of these laws was first perceived by 
Newton, who showed that they were a necessary consequence of the 
Taw of Gravitation 
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It was further suggested that repetitions of this process in the case of the embryo planets resulted 
in the birth of their satellites 

More recently difficulties have been raised which render this famous theory untenable so far, 
at any rate, as our System is concerned, and some other attempts to find the key to the process followed 
m the evolution of Sun and Planets will be described in the course of this work 

The present physical condition of the bodies constituting the Solar System has always been a source of 
absorbing interest, though still m part conjectural The power of the modern telescope has proved con- 
clusively that there are tremendous disturbances within the Sun’s compass All that we know of their 
action is what we can discover about the prominences and Sun-spots which take shape and speedily 
change in form The much nearer position of the Moon to the Earth has enabled us to distinguish many 
features bearing a certain similarity to objects on the surface of our own planet In particular Mars 
has been carefully mapped out into areas, hypothetically regarded as land and water, to which very 
bizarre names have been given But great controversy rages over the configuration of this planet 

f v-.a^r rl ~ v ' * * — * 
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THE WITTIAMETTB METEORITE 

Falls of large Meteorites are sometimes accompanied by terrific explosions mid shaip reports that can bt heard foi many miles 
around, often causing the ground to shake as m an earthquake The origin of Me tc ontes is not definitely known , but it has been 
observed that they travel along the same paths as certain comets, of which they may havconce formed a part The Williaincttc 
Iron Meteorite, weighing 3 4 tons, was found lying ma forest at Williamette, Oregon, U S A , but was not deeply buried 

These considerations give rise to the question are the heavenly bodies peopled ? Though this 
is a problem which wc cannot definitely solve, it is at all events quite possible that one or more of 
the planets contain living bemgs m some respects comparable to ourselves It is hardly beyond 
the limits of reasonable conjecture that the peoples of other planets may be pursuing investigations 
of a like character to our own astronomical studies The Earth may be a source of perennial interest 
to the inhabitants of another world, and for all that we know they may be in a far more progressive 
stage of civilisation than we arc, and their discoveries of the wonders of the universe such as we shall 
not attain in the next thousand years 

Comets, like eclipses of the Sun, instilled feelings of profound dismay into the peoples of old, who 
thought they were the manifestations of the Divine wrath for sins which required i mmedia te expiation 
Many of these comets have “ tails ” , and they present a brilliant spectacle m the grand silhouette of 




A faint band of hazy light which the ancient Mexicans aptly termed “ the sister of the rainbow,” spans the celes tial dome and extends aertx 
Various explanations were given of it m ancient tunes, but to-day we know its radiance to be due to the presence of millions of stars, ciimnie 

opinion that it marks the limit of the visible universe, and that a 



both Northern and Southern Hemispheres Thus great luminous belt, seen at its best on a clear August or September evening, is the Milky Way. 
and huddled together by their vast distance The Milky Way encompasses the whole of our stellar system , and some astronomers are of 
immense space, empty to our senses, lies on the farther side of it 
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the heavens Photographs of cometary displays have afforded abundant means of studying their 
composition What do we know of the luminous trails of shooting stars, the result of brief and sudden 
contact with the air above us ? What explanation can we adduce for the showers of " meteors ” which 
fall periodically upon the Earth from the sky, apparently from nowhere ? 

Now let us peep for a brief moment at the sidereal system Strong though the attraction is to dwell 
thus widely upon the untold wonders of the sky, the interest of the reader will be aroused to a still 
greater extent than the space of this Introduction allows, m the successive parts of this great work 
He will be introduced to each celestial phenomenon in turn , and he will come away from a perusal of 
the complete story with thrilling emotions and with his mind opened wide to new sensations and 
intellectual pleasures never before thought possible for his enjoyment 

We have already referred to the picturesque explanation given by the ancients of the starry 
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THE) ECLIPSE OF THE SUN, 15th JUNE, 703 Be 


[M Doiaston, A L A , M li A 


For some years Assyria had been passing through a period of weakness Matters reached a climax m 7C3 b c , when the total 
eclipse of the Sun was taken as a terrible portent of the wrath of the gods Ashur-dan III is watching the eclipse He met 
his death later m the year, and the country was given over to civil war and plague 


firmament It is the great distance of the stars from the Earth which makes them appear stationary 
points, glittering m the dusk Undoubtedly, they are the same as those which Columbus saw when 
he peered anxiously for the desired land at dead of night But the reader will be astonished to hear 
that there are stars m the heaveh^ which move through space at thousands of miles a minute , and 
»*.yet we cannot detect their motion&except by the comparison of observations made at considerable 
intervals of time— usually many years To all intents and purposes we perceive them to he fixed 
Ihe number of stars that are visible to the naked eye is very limited, though they appear to be 
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jtn tfic JSaml Museum, Greenwich Hospital 

SIR FRANCIS DRAKE’S ASTROLABE 

Ihis is now ail obsolete astronomical instrument It was used for taking the altitude of the Sun or Stars, and for 
other observations One of its most important uses was m navigation 

innumerable It does not exceed the number of inhabitants in a small town , but as seen through a 
telescope, or better still on photographs of the milky way, the richness of the heavens is astonishing l 
In reality the stars are majestic suns , and the average distance between any two neighbouring stars 
is several thousand times the extent of the Solar System How unimaginably vast is the universe l 
The tremendous gap which separates us from the stars blinds us to their real significance m the heavens. 
Turn centuries into seconds, stellar distances into arm’s lengths, celestial bodies into particles of dust. 



THE NEBUIA IN' COMA 

The Nebula m Coma consists of diffuse matter and is probably m an early stage of development, containing no stars as vet 
It lies on the borders of the constellations known as Virgo and Coma Berenices The dark, stnpe is due. to cooler and less 
luminous matter lying on the- 4 outskirts of the Nebula and hiding from us some of the bright matter nearci the. centre 
The Nebula is really shaped somewhat uke a lens with its edge tuineel nearl\ towards us 
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and the Universe would show the stars rushing wildly to and fro m ceaseless turmoil, some vanishing 
into utter darkness, and others suddenly arising from nothingness ' The stars are in every stage of 
growth, coming and going like ourselves 

Among the more strikingly beautiful objects in the stellar universe must be ranked star clusters 
and nebulae It is impossible to contemplate several thousand suns massed together in an apparently 
small region in space— and sometimes in globular form— without wonder as to the origin and destiny 
of such systems The more faintly luminous nebulae are best studied photographically, but the 
famous cloud of glowing gas in the sword of Orion is to ordinary telescopic vision perhaps the most 
mystenous object at which the intelligent observer can look Quite different, apparently, m physical 
constitution and distribution as well as in form from objects of this type, are the spiral nebulae, but 
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SPOTS ON THE SUN 
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features a a Sun spot-a dark nucleus known as the Umbra, and a hghter border, the™ numbxa 


[Greenwich Observatory 


here again we depend for most of our knowledge of them on telescope and sensitive plate working 
m concert And in any endeavour to unravel the secrets of the past and account for the birth 
of suns and systems the nebulae of both kinds have probably much information of value to impart 
They are, perhaps, the most significant objects in the universe * 

Not everyone is aware that our eyes derive their power of sight from an external source , that 
it is due to the properties of light, whether inherent in or reflected by the objects we observe 
Light gleaming out a thousand miles away is almost immediately visible to the eye, for it 
travelsat the rate of some 186,000 miles per second It takes only 1J seconds to reach us 
from the Moon and 8$ minutes to come to Earth from the Sun The telescope, camera and 
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BETEI.GEUSE ONE OF 1HE LARGEST KNOWN S1ARS 
Betelgeuse is the leading Star in the Constellation of Orion Its name is derived from an Arabic word meaning shoulder t because 
It is situated on the right shoulder of the giant Orion on the old celestial globes It is reddish m colour and slightly variable 
in light It is one of the ruddiest of the brighter stars and is a far less compact body than our Sun In the above fanciful 
picture the artist has purposely ignored the effect of Gravitation, which would make impossible the c\pcnrntnt here 

illustrated 
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spectroscope help in translating the speech of 
f ^ ^ / */ r light the prism is its special interpreter I By 

V tu * Z* * * * its power of “dispersing'' the rays of white 

\ m ^ ^ / )} jgL* light into its components, we obtain not only 

/ M , >cr ^ ^ the beautiful and varied colours of the spectrum, 

m K \ sc * tti « # but information which reveals some of the 

V * ^ ^ * profoundest secrets of the heavens 

It is instructive at this point as well a,s of 
v#/*! + ^ ^ j interest to note the change m outlook and scope 

# ^ 4 ^ p * * I ^ ^ * iAA ! I which has marked the progress of Astronomy, 

J L / 1 ** J ' <k A I ^ f || A A, ^ say, during the last hundred years 

” ** ^ v’i v * a Perhaps we may not unfairly describe the 

, N t Astronomy of a century ago — and indeed until 

# / 1 after the middle of the last century — as cssen- 

^ \ +* /* X / tially formal or mechanical in character What 

»•' v, • iy ■ was especially aimed at was the greatest possible , 
. * / ^ * * y /<# "v fr accuracy in determining positions and the per- 

J * ^ ^ # 1 fectmgof our knowledge of the mechanism of the 

~~ - ^ heavens At that time it was scarcely thought 

CANALS IN MARS ’ , , , , , , A y „ 6 

These two drawings support the contention that it may be possible that man might some day progress from 
only distance which causes the markings on Mars to appear as a knowledge of these things to a determination 

straight lines Here are shown a number of irregular patches- of the chemjcal constitution, the life history, and 

the internal economy of the distant stars, yet such studies constitute a very large part of astronomical 
research to-day The fact is, the success of Kirchhoff, Bunsen, and other great physicists of the middle 
of the Nineteenth Century, in showing how the absence of certain rays from the light of the Sun and stars 
might be explained, opened the way to a vast and hitherto undreamed of territory which astronomers, 
following up the pioneer work of Huggins, Lockyer, and other early spectroscopists, haxe continued to 
explore with the most conspicuous and amazing success 

Prior to the year 1838 the distance of not one 
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CANALS IN MARS’ 

These two drawings support the contention that it may be 
only distance which causes the markings on Mars to appear as 
straight lines Here are shown a number of irregular patches — 



CANALS IN MARS 0 

— which contract into a continuous senes of lines with circular 
points of junction when viewed at a distance of thirty feet 


single star was known, and till even compara- 
tively recent times our knowledge of stellar 
distances was limited to those of a small number 
of the Sun’s nearer neighbours To-day, thanks 
to our ability to read with the spectroscope the 
messages contained m star light, the distances 
of thousands of stars, which could never have 
been measured by the old trigonometrical 
methods, are being determined with case, and 
our knowledge of the sidereal system is conse 
quently advancing at a rate which exceeds the 
wildest dreams of a century ago 

And another point which has become abun- 
dantly clear to all students of Nature is the 
oneness of physical science Oui fathers placed 
the sciences m a number of separate compart- 
ments We are learning now that this cannot be 
done No one can draw, e g , the boundaiy line 
between Physics and Astronomy thcic is none 
The two sciences overlap They arc indeed but 
different phases of what is essentially one, 


Splendour of the Heavens 


and for proof of this it is sufficient to recall the fact that the recent researches by Eddington and others 
into the constitution of the stars arc based on what has been learned about ions and electrons and the 

structure of the atom and other related phenomena by observations carried out in our physical 
laboratories J 

And when we further remember that the very foundations of science-our ideas of force— our 
•conceptions of what is meant by standards of length and duration and so forth— are being revised and 
modified, and a new light thrown upon the whole of the physical universe, we realise how wonderful 
are the times in which we live, and how extraordinary is the rapidity of our progress What, we may 
well ask, will be man's outlook on Nature one hundred years hence ? 

It is altogether impossible in this introductory survey of the scope of astronomical science to 
•convey m adequate terms the gorgeous nature of the subject with which we are dealing An 
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JAI SINGH’S OBSERVATORY A1 DELHI, 1719 
Raja Jiu Singh Sawai (tlic Tvvcdluit) of Jaipur (1093-1741) was a famous man of science 

viz , at Delhi, Benares, Mathura, Uj jam ami Jaipur 


[Victoria and Albert Museum 
He built five observatoues, 


introduction can but sketch the general characteristics of a subject just as the eye m a cursory 
glance over the heavens takes m but a very vague impression to begin with Nevertheless this Intro- 
duction itself may serve, perhaps, to make us marvel at our “ colossal insignificance ” and to revere 
the created works of a Supreme Intelligence Flowers and men, stais and mountains may pass away, 
but the stream of Time rolls on for ever 
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The scale of the heavenly domain is such that it is difficult for human faculties to grasp 
its full significance But the gam derived from astronomical studies is in an intellectual and 
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moral sense incalculable It inspires with a piofound and reverent regard the whole outlook of man. 
It fills him with a feeling of modesty and pathos at the small part he plays on the universal stage In the 
countless orbs which constitute the stellar universe, wherein his own Mother Earth is a planet of an 
inferior order, what power does he possess to influence the ceaseless tide of things, changing and ever 
changing ? Yet we must remember that the human mind has been endowed with a power of insight 
^nd analysis which in itself is a gift pregnant with untold potentialities That it has shown itself capable 
of mapping out the heavens m a manner that has almost strained its own life-force and made it question 
its own limitations m its quest for truth seems to imply that the ground of discovery is scarcely touched 

The appetite for know- 
ledge has only been 
whetted , and every in- 
crease in its acquisition 
serves but to increase the- 
area of conscious ignor- 
ance 

It may be asked, what 
benefit is conferred on 
mankind from astronom- 
ical studies ? Our know- 
ledge of the size and 
shape of the Earth, the 
determination of a vessel’s, 
position at sea, our time 
system without which 
commercial life would be 
m hopeless confusion, are 
all derived from observa- 
tions of the heavenly 
bodies But there are 
other than utilitarian 
considerations The su- 
preme object of know- 
ledge of whatever kind is. 
not in the knowledge 
itself, but m what that 
knowledge implies Plato 
in constructing his ideal 
republic affirmed that 
“knowledge is virtue”’ 
To know is to be apprised 
of our position on this 
Earth and to mould our 
lives in accordance with 
the dictates of reason 

and truth It is only the ignorant who despise the teachings of garnered knowledge Of studies 
Bacon said that “ simple men admire them, crafty men contemn them, and wise men use them " 
And m another place, “ There is no pleasure comparable to the standing upon the vantage ground, 
of truth ” For, as our teachers have taught through the centuries, knowledge is the sole pass-key to- 
right living and high thinking y 
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HEVEEIUS AND HIS WIFE MEASURING STEUAR ALTITUDES 
Hevdrus (1 61 1-1 687), celebrated for his careful drawings of the Moon and for the tenacity 
with which he clung to his old instruments, refusing to adopt improved telescopic methods, 
was one of the most accurate of observers without telescopic sights A City Councillor 
and Astronomer, he possessed a very fine Observatory, called the Stemenburg (“the 
Starry Fort ”), at Danzig His wife has been called ‘ * the first woman astronomer ’ * She 
was her husband’s trusty comrade and rendered assistance by her accurate reading of his 

instruments 
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MAGNETIC STORMS ON THE SUN 
The Sun’s surface is the seat of more or less constant magnetic and electrical disturbances, particularly m the neighbourhood of large 
spots Invisible streams of electrified particles are piojected into space in various directions, and it frequently happens that our 
Earth encounters one of them The result is then a violent magnetic storm, some times severe enough to disorganise all telegraphic 
communication for some hours Such storms are generally accompanied by brilliant displays of the Aurora 
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A PART OF THE PIAXET JUPITER “THE GREAT RED SPOT” F A 

fi ^ st ®JP eared clearI y m 1 875, growing steadily deeper in hue until it formed the most prominent obiect on 

mamtv LT t Pl +? et The *° l0U * £ f the Spot ’ couplecl Wlth th « fact that powerful disturbances were observable m its immediate 
vicmdy, led to the suggestion that it was due to the local generation of enormous heat, and that thesurfaee Wl nZfahlv 
been rent asunder by a kind of volcanic eruption The Red Spot was fully 20,000 miles in length at times so that the 
dist urbance whatever . ts nature-must have involved an extensive area It was plainly visible for a qi£rt« ofa centum 
but is now only barelv distinguishable All this seems to be conclusive as to the impossibility of org^K liffon JupUer’ 
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It is thus we should view astronomical studies A writer once had it that Astronomy was a “ science 
of pure curiosity ” But he did not sufficiently grasp the import of the knowledge thus gained Had 
he done so, he would have seen that the ever-expanding mass of astronomical research is the prelude 
to the understanding of our world through our diagnosis of the heavens Apart from the practical 
value of the new sciences which from time to time have sprung from Astronomy, Astronomy itself in 
its own particular sphere 
and by its own discov- 
eries, has triumphantly 
brought home to us a 
realisation of relative 
human values How 
painful the reflection, and 
all the more piquant 
because of its indirect- 
ness, does it cast upon our 
petty earthly squabbles t 
How small do the great 
wars and feuds of the 
past now appear to us — 
wars which were fought 
and thrones and king- 
doms shattered for an 
extra slice of territory * 

And this, too, in a world 
whose extent of land it 
would be laughable to 
call by the name of 
“ territory ” m a universe 
where it is all but a 
negligible quantity 

Let us, therefore, be 
persuaded of loftier in- 
terests and reflect on the 
problem of the cosmos in 
adequate terms Of all 
studies, the science of 
Astronomy is not for the 
narrow bickerings and 
carpmgs of the small 

mind Feeding as it does the spirit of enquiry, and hallowing it, it is yet within the powers of an 
ordinary mind to assimilate As has been pointed out, the whole reason for this work is the simple one 
of initiating the average man into the secrets of heavenly lore It puts within the reach of everyone a 
means of acquiring what might be called the “ necessary knowledge " of Astronomy It will be readily 
appreciated that there is a bordcr-lme beyond which in a woik of this description one cannot go But 
at the same time ignorance of the elements of the subject within the border-lme is tantamount to wilful 
neglect of a golden opportunity for personal development and self-culture The work will not have 
been undertaken m vain if it is instrumental m commending to the intelligence of its readers an 
intelligent "interest in the spangled vault above 
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A. SPIRAIy NT$BTJI*A 

These wonderful celestial whirlpoolb arc found in great numbers in certain parts of the sky, 
many thousands bung known They aic composed of diffuse, though not truly gaseous, 
matter, whose motion has lately been shown to be outwauls along the “ arms ” from the 
cent ml bright mass or nucleus Here and there this diffuse mattei has condense d into small 
compact mosses, and it is believed that spiral nebulae are destined to end then career by 
condensing into star clusters Many of these embryo stars arc visible in the above 

photograph 
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ATlyA.S. 

According to legend Atlas was a member of the older family of gods who bore up the pUlats of Heaven The figures on the 
photograph represent constellations or groups of stars, many of winch have been narked after animal SS2X 

and 3^eo (the Lion) can be seen near the top of the globe 




THE STAR OF BETHLEHEM 

In ancient times the start) were sometimes the sole means of guidance to wandering tribes From the earliest ages they 
have been the almanacs ot uncivilised peoples who studied the face of the sky as an aid to practical lit c Among civilisations 
of the past good or evil influences were assigned to thi stars 

SPLENDOUR OF THE HEAVENS. 

CHAPTER I 

THE STORY OF LIGHT AND MAN’S CONTROL OF IT 

By Dr W H Steavenson, F R A S 

A DISSERTA1 ION on Light and the properties of lenses and mirrors may seem a strange opening 
to a work on the glories of the firmament And yet such an opening is amply justified by the 
very nature of Astronomy , for we have to remember that the greatest and most ancient of the 
sciences differs from all others m one essential particular, which is that it deals with objects altogether 
beyond our reach We cannot touch, pick to pieces, or analyse them, as is possible with plants, 
insects, or pieces of lock All our knowledge of them is conveyed across vast abysses of space by 
that mysterious agency which we call Light The workings of this universal messenger are even 
now not completely understood, but we have been learning more and more about them during the 
past three centuries Such knowledge, useful enough m itself, has led us still further, for man has 
by slow degrees learnt, not only the nature of Light, but also the methods whereby it may be so 
controlled and harnessed as to deliver faithfully the messages which it conveys 

It is quite possible to enjoy a wireless concert without having the least knowledge of the technical- 
ities of radio-telephony On the other hand, there are few people of any intelligence who would not 
be sufficiently interested to enquire "how it works," even if they pursued the matter no further 
It is much the same with the revelations of Astronomy The bare facts which are the result of 
research are easy enough to understand, but a knowledge of how they were obtained greatly enhances 
their interest for any intelligent person Moreover, the reader is bound, m a work of this nature, to 
come across certain photographs and illustrations which, if not altogether meaningless, will at least 
be liable to puzzle and mislead him if he has not learnt some of the methods of the astronomer or the 
working of the instruments he employs 

The nature of Light is a mystery which has exercised the mind of man from the earliest times, 
and a little thought will show how puzzling the problem was, and indeed still is Here was something 
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THE OLD CORPUSCULAR THEORY OF THE NATURE OF LIGHT 

It was at one time supposed that every source of Light was constantly emitting m alt directions myriads of minute 
particles, which excited the sensation of vision on striking the eye 


clearly connected with all visible things of every conceivable nature, yet surely also connected in 
some way with the observer, since experience suggested that what affects the body must be in 
contact with it Hence the idea soon arose that Light had a definite concrete existence , was, in 
fact, a substance But when it came to harmonising such a theory with observed facts, the early 
philosophers had to resort to the most complicated and fantastic suppositions, none of which was 
really satisfactory, and which can hardly have been intelligible to the authors themselves It will 
be enough to say here that out of all this speculation there emerged what is now known as the 
Corpuscular Theory of Light According to this theory, every luminous body was constantly dis- 
charging streams of minute particles in all directions, and these particles, on striking the eye, gave 
rise to the sensation of Light ox Vision This theory had the merit of extreme simplicity, but it 
unfortunately failed to explain all observed facts It continued, however, to be used as a working 
hypothesis right up to the last century, when it was replaced by the now universally accepted Wave 
Theory In this we have an explanation which at least accounts pretty well for all observed facts 
There are difficulties here and there, but it seems evident that wc are very near the truth, and a theory 
that explains so many things is not lightly to be laid aside 

The present theory may be briefly desenbed as follows Light is no longer regarded as a substance, 
but as a form of energy or motion The minute particles composing a luminous body are in a state of 
extremely rapid vibration These vibrations set up similar movements or disturbances m that all- 
pervadmg Something which scientists call the Ether of Space The disturbances thus set up are in 
the nature of waves, which move outward in concentric circles from the luminous body, like the 
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ripples produced when a stone is thrown into still water, except that they do not lengthen out as 
they advance It is important to remember that it is the waves which move outwards and not the 
Ether, whose " particles ” merely rise and fall as the waves pass, just as a feather will do if thrown 
on to the ripples m the pond 

The Light-waves travel outwards from their source with the prodigious speed of 186,325 miles 
per second, a distance equal to between seven and eight complete circuits of our Globe Small 
wonder is it that the early philosophers thought the speed of Light to be infinite > And yet there are 
bodies visible to us in space whose light takes many thousands of years to reach us Here, surely, 
is an instance where a knowledge of Light and its properties will help us to a better understanding 
of the immensity of the Universe 

The actual length of a wave of Light, or the distance from crest to crest, is almost as inconceivably 
small as its speed is staggeringly great The average length is about J HH) of an inch, and a little 
consideration will show that, travelling at the speed above mentioned, about 500,000,000,000,000 
(five hundred billion) of them must strike the eye every second » But all Light waves, though small, 
are not of exactly the same length, and it has been found that their dimensions vary according to the 
colour of the light Thus, the waves of red light are about u ] mt inch long, while those of violet 
light arc nearly twice as short, or about 64 inch The eye cannot perceive Light whose waves 
are longer or shorter than these limits, but such waves can be detected by the photographic plate 
and other physical means 

We can only see a light, or indeed any object, by looking straight towards it , which is another 



THIS MODERN WAVE THEORY OF THE NA1UKK OP EIOH1 
Eight is now regarded as being due to waves in the Ether Every luminous body is supposed to radiate such waves in much 
the same manner as a stone will do if dropped into a pond, but with a velocity of over 186,000 miles per second The 
distance from crest to crest determines the colour of the Eight as seen by us 
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way of saying that Light normally travels m straight lines This may seem a contradiction of what 
has already been said of the circular arrangement of the Ether-waves round a luminous body, but 
we have to remember that it is the direction of motion and not the shetpe of the waves that is straight 
Therefore we may and do imagine Light as issuing from a bright point in an infinite number of 
straight lines, arranged like the spokes of a wheel The actual waves are moving outwards along these 
“spokes" and always at right angles to them Any one of these spokes may, for the sake of 
simplicity, be considered separately, and is then referred to as a “ ray ” Such a way of looking at 
Light makes simple the explanation of optical instruments, and we shall often have occasion to use 
it in what follows 

So far we have only dealt, very briefly, with the supposed nature of Light as it travels unfettered 
through Space We shall now turn to the methods whereby man has learnt to handle and control 
these mysterious ripples of the Ether, to the great increase of his knowledge of the Universe 



A FAMIIylAR PROOF OF A GRFAI TRUTH 

A of h g ht ’ lf 1 o° k t d at fr ° m ° ne Slde ’ 1S ltSGlf invislble > b ut parlid.es of dust may be lit up bv it iml tlun m Lrk il n 
path of the ray Such paths are never curved, and thus we learn that unfettered Light always travels m It, ught hnes 


It was long ago observed that stones at the bottom of a shallow pool appeared from the bank to 
be displaced from their true positions so as to seem nearer to the opposite bank than they actually 
were Moreover, it was noticed that, when ripples were present on the surface of the water the 
shape as well as the position of the stones was altered and distorted We may observe the same 
th “ g looking obll <l ue |y at some object through a piece of plate glass If the latter is good, 
the object wfll merely appear bodily displaced, but if the glass is “wavy" it will also alter the 
outhne of the object What is really happening will be clear from our illustration The light by which 
we see the object has not travelled straight towards us This does not mean that it has travelled 




T UK LYK IN DAYLIGHT 



Light can only enter the eye through the pupil, whose size is automatically controlled according to the rcquircmr nts of vision 
Vhen Light is abundant the pupil is small, as in the top illustration , but at night it enlarges to admit as much Light as 
possible, as in the lower illustration, which was taken by flashlight in a darkened room The flash lasted only a small 
fraction of a second and was over before the pupil had time to contract in response to the sudden glare 
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TURNING A TIGHT RAY FROM ITS PATH 
When a ray of flight falls obliquely on a piece of plate glass or similar 
transparent substance, its direction is altered, and an observer on 
the other side of the glass sees the source of Xight displaced from its 
true position This bending of Tight is known as Refraction 


in a curved path, but that its straight path 
has “ had its back bent,” as it were, at 
one or more places This bending of Light 
is known as Refraction, and it always 
occurs when a ray passes at an angle from 
one medium (such as air) to another that is 
either more or less dense The amount 
by which the Light is bent depends on the 
density of the substance through which 
it passes, but the final direction of the ray 
depends not only on this, but also on the 
shape of the surface of the substance 
This is why rippling water or “ wavy ” 
glass will give different directions to rays 
coming from different parts of an object, 
and thus produce a distortion of its shape 
This brings us at once to that greatest 
and most fundamental of all optical 
inventions — the Lens 

A lens is a piece of glass or other 
transparent substance which has had its 
surfaces deliberately shaped by the op- 
tician in such a way that rays passing 
through it shall be turned as far as possible 
in certain desired directions We have no 
knowledge of the exact date when lenses 


were first made, but we 
know that they were m 
existence at the end of 
the Thirteenth* Century, 
and that they were then 
m use, as to-day, for 
spectacles 

Lenses are, broadly 
speaking, of two kinds — 
positive and negative 
The first type are thickest 
in the middle and tend 
to bring together the rays 
which pass through them 
The second type are 
thickest at their edges, 
and tend to spread out 
the rays In practice the 
two types are often used 
m combination, the 
nett result on the 
rays depen ding 
mainly on the relative 
“strength” (i e , thickness 



A RAY OF TIGHT “ DISSTCTED ** 

A prism, or piece of glass of triangular section, treats rays of different colour unequally 
White Iyight is composed of rays of all colours, which are separated out on passing through 
a prism The violet rays are bent most and the red least This spreading out of a narrow 
white ray into a fan of many colours is called Dispersion Newton was the first to explain 

the action of a prism 
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or thinness) of the \anous lenses Let us now consider the case of a single positive lens, of which 
an illustration will be found below Here we have a piece of glass whose surfaces are both curved, 
and it will be noted that, unlike the case of plate glass, these surfaces are inclined towards one another 
at every place except the exact centre of the lens, where they are parallel The result of this 
inclination is that the rays, which are bent on entering the glass, are not restored to the same general 
direction on leaving it, but are bent still further The same thing happens to all the rays, though 
an examination of the diagram will show that the bending effect grows less and less towards the centre 
of the lens, where it ceases altogether and the rays pass straight through By carefully fashioning 
the surfaces of such a lens we can arrange to make all the rays from one point (the object) meet together 
at another point on the opposite side of the lens In this way we have, as it were, created in space 



1IOW A LENS WORKS. 

When I/ight ra\ s fiom a point strike a piece of glass with curved surf ices, Known is a lens, each ravsuffeis a slightly different 
deflection, and n lens ean be so fishioned that all the ra^s will meet again at i point on' the otlici side 


a ghostly counterpart of the ouginal object, which it will evactly resemble so far as its light, or 
visibility, is concerned Such a “ ghost ” is known to scientists as an “ image ” 

So far we have only considered the rays from a single point, but the case is just as simple if we 
take two, or even three points , for each one will have its image produced separately m space on 
the other side of the lens Now, an object of any size, such as an arrow, may be considered as 
consisting of a very great number of separate points, each of which will have its corresponding image 
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Thus we can readily see that a complete picture of the object will be formed by the lens, and if we 
trace the path of the rays with the aid of a diagram we shall find that the picture is always upside 
down as compared with the object 

In thus forming artificially a light-picture or image of an object, it may not appear that a lens 
has done us much service , but it is really upon this action that our power of distinct vision entirely 
depends In the human body all sensations are conveyed to the brain by means of fine filaments 
called nerves, some of which convey one kind of sensation and some another Those which give rise 
to the sensation of Light are exceedingly numerous and are entirely confined to the two eyes There 



MAKING EIGHT PRODUCE A PICTURE 

Our illustration shows how the rays from a large object are treated by a lens Evciv point of the object has its counterpart 
on the other side of the lens, as shown m the previous illustration, and thus a complete picture (generally called an image) is 
formed m space where the rays converge It will be seen that such an image is always upside down 


the delicate endings of the nerve filaments are closely packed together, like the pile of a carpet, so 
as to form a continuous inner lining to the back of each eye-ball Light from external objects 
reaches this nervous lining (called the “ retina ”) through a small aperture of variable size, known as 
the pupil, and the impression of luminosity is straightway conveyed to the brain But there is more 
in vision than this If the above description of the eye were complete, then light from every part 
of an object would strike every part of the retina, and the confusion resulting would leave us in 
ignorance as to the true direction of the various rays , in other words, we should have no knowledge 
(from vision alone) of the form of objects, but merely be conscious of their brightness This is where 
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MOUNl WILSON TEIyESCOPE 

Its^i^e^? fpn^m^ 1611 !] 13 tlx * largest telescope in the world It shows lmlhons of stars that are too faint for other instruments 

constructed ^d e!> i ** d £ met ““ d f ° rty threef< - ct Ion S. the great 100 inch minor bemg mounted at its lower end It ha. been 

constructed to dea with problems unsu.ted to telescopes of inferior power The site of the Mount Wilson Observatory was 
cnosen with a keen eye to favourable atmospheric conditions It is 5,900 feet above sea level 
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SIMPIX EXTRACTING 1EIXSCOPE 

A picture of a distant object, formed by a large lens as 
explained above, is magnified by a smaller lens, called an 
eye piece It will still appear upside down, but this is no 
disadvantage to the Astronomer In teriestrial telescopes 

additional lenses are inserted to erect the image 

that the size of the picture is also greater, as well 
as its distance from the lens In other words, 
the greater the focal length the larger the picture 
Now the lens of the eye is very much thicker m 
the middle than at the edges, so its focal length is 
small In fact, it forms its picture less than an 
inch from its back surface The result of such a 
small distance is that every object in a landscape 
is seen very small, though a great width of view 
is included m the picture If we desire to obtain 
a larger view of any one object we have only to 
approach it and thus make it appear, within 
certain limits, as large as we like But the case 
of the astronomer is different He cannot get 
appreciably nearer to the heavenly bodies than 
he is at present, so that, using his eye alone, he 
has to be content with a very small picture of 
them 

The second great defect of the eye, from the 
astronomer’s point of \iew, is the smallness of its 
opening — the pupil This has nothing to do with 
the size of the picture formed m the eye, but it 
has everything to do with its brightness When 


the lens comes in, for we have seen that it has 
the power of dealing separately with individual 
rays, and putting them all in their right places 
without confusion Every eye contains a lens, 
not of glass, but of a transparent horny sub- 
stance, and this lens throws its pictures on the 
retina of the eye Here each part of the image 
will affect a different filament of the “pilt- 
carpet,” and all these impressions will be con- 
\cyed separately to the brain, where the form 
or shape of the object will be thus revealed 
Thus we carry about in our own bodies the 
most ancient of all optical instruments, and a 
very efficient one too, for most purposes of 
everyday life But to the astronomer it has 
two great defects The first is the smallness of 
the pictures produced by it This is due to the 
small scale on which the eye is constructed If 
we experiment with different lenses, thin and thick, 
we shall find that the thin or flattish ones produce 
their pictures of a distant object much further 
from the glass than the thick ones do, and they 
are therefore said to have a greater “ focal 
length ” But this is not all, for we shall notice 
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PRINCIPLE OF NEWTON’S RXTEECTING 

teeescope 

A concave mirror made of metal or glass will form a pictuic 
of a distant object by reflection, the rays being controlled 
in their directions as in the case of a lens The nnage ib 
formed at the side of the tube (bv interposing a small 11 it 
mirror placed obliquelj), and is there magnified bj an 
ej e piece 
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GALILEO’S TELESCOPES 
With the construction of these little msliumuits, in 
1C>09, the telescopic revelation of the lie ivuis began 
lhc lirst discovery made was that of Jupiter s moons, 
followed by the Mountains of the Moon, the SI uiy 
structure of the Milky Way, and, in JGI1, the pluses 
ot Venus, the Spots on the Sun, and the stiange 
appendages of Saturn Such telescopes would be eon 
sidcrcd very feeble instruments now, i< lavs, but they had 
a profound influence upon the Histoi\ of 4sti mutiny 
md revealed many wonders for the Inst time 

us in this direction, for when the light of 
surrounding objects is feeble, as at night, 
the pupil automatically enlarges to take in 
more rays But obviously there is a limit 
to this enlargement, and it never exceeds 
about one-third of an inch 

Thus the early astronomer felt the 
limits of the power of his eye and cried 
out for two things — a bigger picture and 
more light What he needed, m fact, was 
a larger eye than the one he had , one 


we remember that a star, or distant light, is sending out 
rays in all directions we can readily see that only a 
minute proportion of these rays can enter such a small 
thing as the pupil, and that this proportion becomes 
smaller and smaller as our distance from the light in- 
creases The result of this is that a very distant or very 
faint light fails to send us enough rays to make it visible, 
and we see nothing at all Nature does her best to help 



l J lioto by\ \rhcYctkes Observatory 

HIE GREAT YGRKES IblJ SCOPE 
Of 40 inches apeiturc, this telescope was mounted in 1 807 'it Chicago 
University Obscivatoiy It is the most poweiful refractor yet 
constructed, and is housed m a massive brick tower 00 feet in diameter 
Its tube is 04 feet long I he total weight of glass m the two lenses — 
which together form the object glass — is 000 pounds These lenses 
are of c-Uiaordmary punty and transparency , yet they absorb much 
light because of their great thickness The moving parts of the 
telescope weigh over 20 tons It has been used chiefly for spectro 
scopic work and for the observation ot double stars, these being 
branches of work foi which its great aperture and focal length render 
it specially suitable 
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that should be longer — to produce a larger picture, and one that should have a wider opening — to 
admit more light And this is exactly what he obtained by the invention of the telescope 

Every telescope is, in principle, a reproduction of the human eye on a larger scale It will be 
clear from what has gone before that any lens whose diameter is more than J of an inch, and whose 
focal length is over an inch, will produce a picture in space that is bnghter and larger than that 
formed in the eye However, it may not appear so large at first sight, because we cannot approach it 
closely and still see it distinctly But a lens whose focal length is over about ten inches will form 
a picture that looks perceptibly larger than the object itself, viewed without the lens This must 
have been noticed m the early days of lens-making, and yet no use appears to have been made of it 



Photo by permission of] [The Royal Astronomical Society 


A STAR-CAMERA MOUNTED FOR PHOTOGRAPHING THE HEAVENS 
With an instrument of this type large areas of the sky can be photographed on a comparatively small scale The Camcr i 
is mounted on an axis which turns by clockwork to follow the stars in their apparent march across the sky The telescope 
attached is pointed in the same direction as the camera and enables the astronomer to see that the clockwork is keeping 
the whole instrument accurately pomted in the same direction throughout the tim e of exposure 

until the beginning of the Seventeenth Century It was then observed by Hans Lippershey, a Dutch 
spectacle maker, that, by the insertion of a second lens between the eye and the image, it was possible 
to get much nearer to the latter and so obtain an enlarged view This was much more convement 
and effective than the use of a single lens of very long focus, and besides, by using eye-lenses of different 
stiength, varying degrees of magnification could be obtained without changing the “ object-glass/ 
as the lens was called which formed the image 



Photo by permission of\ 

A QTA1? rx.TAT3T TinAnrT^ ^ \.lhe Roytil Astronomical society 

A titer , , , A STAR CHART PRODUCED BY PHOTOGRAPHY 

of stars are automaUra'n ^ Sh °. wn ln tl ( , . e last lustration produces a chart of the Heavens similar to the abm e Man j thousands 
of stars are automatically and correctly recorded in a s.n K lc hour It would take years to map the same mnnhei of sta s by 
visual means , and even then errors would be certain to occur 
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Lippershey was not an astronomer and it does 
not seem to have occurred to him to apply his 
new invention to the study of the heavens In 
fact, he only saw in it a discovery of great military 
importance ! But news of it reached Galileo, the 
Italian astronomer, in the year 1609, and he was 
able, without having seen a specimen of the new 
instrument, to construct one himself from the 
description alone The construction adopted by 
Galileo was almost identical in principle with that 
m use by astronomers to-day, except that the 
eye-piece was a negative lens This form of 
telescope, however, has still survived m 
the modern opera-glass, which is often 
referred to by opticians as the “ Galilean,” 
to distinguish it from the prism binocular 
Galileo made several telescopes, but the 
largest was scarcely more than an inch m 
diameter, and magnified less than forty 
times Compared with our modern astro- 
nomical telescopes it was, of course, a mere toy, 
but, for all that, it was a very great advance on 
the unaided eye 

Now were revealed to man for the first time 
the mountains on the Moon, the satellites of 
Jupiter, the phases of Venus, the starry back- 
ground of the Milky Way, and the shapes of the 
spots on the Sun But as yet these things were 
\ ery imperfectly shown, and it became clear that 

in this wav 

nothing much more could be done until the new 
instrument was greatly improved and enlarged 
Unfortunately, this was by no means a simple matter 
The making of discs of glass good enough to turn into 
lenses demands, even to-day, a great deal of care and 
skill, except for those of very small size , it can well 
be imagined that three hundred years ago the problem 
was an extremely formidable one In fact, a full 
century after Galileo’s pioneer work it was difficult 
to produce a good lens that was more than two or three 
times the size of the ones he used Moreover, another 
difficulty was encountered which was really the more 
serious of the two 

It had been noted from the most ancient times 
that beautiful colours were seen when white light 
passed through pieces of glass or precious stones whose 
surfaces were inclined to one another In fact, the 
” cutting ” of diamonds and glass was specially designed 
to produce such “ rainbow ” effects It was not until 
the end of the Seventeenth Century that the true 
explanation of these colours was given by Newton, 


HERSCHEE’S GREAT 4 FOOT REFLECTOR 
1 his instrument, a prodigy in its day, was erected at 
Slough by Sir William Herschel m 1 7 89 It penetrated 
mto space far be\ond the limits reached by any 
telescopes before it 


Photo by] [The Yerkes Observatory 

A GREAT TEEESCOPr CONVERTED INTO A 
CAMERA. 

When it is desired to photograph small portions of the sky on 
a large scale it is neccssare to use a very long telescope One 
has only to remove the c>e-piece and substitute a photo 
graphic plate to receive the image formed by the great lens 
Our illustration shows the 40 inch \ erkes refractor coin ei ted 
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who showed that they were the natural consequence of breaking up white light, whose whiteness 
was simply the combined ctfect on the eye of a great number of different colours By causing a 
narrow beam of white light to pass through a triangular piece of glass, called a “ prism,” Newton 
demonstrated that the beam was not only deflected (i e , refracted) as a whole, but was also spread 
out into a coloured band This spreading out of white light, called “ dispersion,” was due to the 
fact that the prism bent each coloured ray by a slightly different amount, the violet ones most, and 
the red least of all We shall see later that this dissection, or picking to pieces, of white light was 
destined to be of tremendous importance and value to astronomers, but at present we are most 
concerned with the cmbairassmcnt it caused in the Seventeenth Century to the would-be improvers 
of the telescope 

A prism seen in section 
has a thick base , and its 
two sides arc inclined so as 
to meet at a point, com- 
pleting the triangle Now , the 
big lens of a telescope, is thick 
in the middle and its sui faces 
taper to a point in cithei 
direction , so it can be con- 
sidered as being equivalent 
to two prisms, placed one on 
top of the othe i with the lr bases 
together It is cleai, then, 
that with such an anangement 
rays of different colour will 
suffer a different amount of 
bending Thus a pictuic of a 
violet will be fotmed nearer the 
lens than one of a geranium 
because the viole t rays are more 
strongly bent than the red 
this would not matter much 
if every object was of one colour 
only But we have seen that 
all colours are contained in 
white light, so that we shall 
have a rcgulai string of pictmes 
of a white object, each one of 
a slightly different hue If we ' 
try to look at such a picture u y 

from behind (as we do with a 

telescope) we shall see all these * * lls mo< lcl wTb nndc bv Newton to demonstrate the elTiciency of ail instrument 
i i designed on the lines which he laid down It was too small to be of much practical use 

coloured images one behind but it was the foiei uimcr of all the giant reflcctois of modern times It is now m the 

the other at different distances possession of the Royal SocicU 

from us The result is a chaotic mixture of colours, m the midst of which is an indefinite watcry- 
looking picture of the object we are trying to examine 

This, then, was the great drawback to the construction of good refracting telescopes, and it was 
not overcome for a hundred and fifty years It was minimised to some extent by making telescopes 
extremely long (sometimes several hundred feet), since this had the effect of spreading apart the 
coloured images and thus causing them to intci fere less with one another Instruments of this kind 
were very unwieldy and difficult to mount, but there seemed no other .vay out of the difficulty. 
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The situation was only 
saved by the introduction 
of an entirely different 
principle m the construction 
of telescopes 

The old tioubles had all 
been caused by the light 
having to pass through glass 
lenses If rays could only be 
bent by some other method, 
all would be well As a matter 
of fact, such a method was not 
far to seek, for curved mirrors 
had long been known to have 
the property of bending rays 
of light by reflection, and 
they had been for centuries in 
use by alchemists as substi- 
tutes for burning-glasses Un- 
fortunately, however, their 
surfaces were curved in such 
a way as to prevent them 
producing really clear pic 
tures such as the astronomer 
needed But the problem was solved by Hadley, who was the first man to demonstrate practically, 
in 1723, that the surface 
of a mirror could so be 
shaped as to form a clear 
image of a distant object by 
reflection , moreover, this 
image was entirely free from 
the confusing colours pro- 
duced by the refractor 
Many years before this 
Newton had actually made 
a small reflecting telescope, 
though with the mirror 
wrongly curved It only 
needed improvement to the 
mirror to complete its effi- 
ciency, and its general 
principle was the one 
adopted by Hadley 

The new type of telescope 
was not developed so rapidly 
as might have been expected 
from its merits of perform- 
ance and simplicity of 




construction , but, towards 
the end of the Eighteenth 


e V me men in use u was necessary, in the 

Seventeenth Century, to make Telescopes of enormous length These w ere ver^difficult 
to mount and use 




T w i x , IiUVV IHr CAMERA 1RIUMPIIS OH fi . m , rvM u ne Koyal Astronomical Society 

the photographic plate it* woulTprobabl^ha^'e rramm^'for^ever'uiUaloVi 11 1' 51 ^^ V^T “ W*»Pe But for 

hours, the plate accumulates unpressions uul stores them up m .t^^d v “!l u . IT ^ s XpoSuroi > ofte “ lastwgmany 
enough to nftect ,t nnmed.ateh , and mthu loses thm « uni by pfoYraac l galug^ ^ **** * ^ 
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Century, William Herschel began to make really large instruments on the Newtonian pi mciple 
Starting with mirrors of about six inches diameter, he ended by making one that was no less than 
four feet across This great access of telescopic power placed him m a unique position among his 
contemporaries, and he made the fullest use of it Since his day still larger reflectors have been made, 
culminating quite recently in the gigantic telescope of the Mount Wilson Observatory, whose mirror is 
just over 100 inches, or more than eight feet in diameter Up to the middle of the Nineteenth Century, 
telescope mirrors were made of metal, an alloy of copper and tin being used This material was, how c\ cr, 
very liable to tarnish, and repohshmg was a difficult and delicate undertaking In the present 
day the mirrors are made of glass, on the face of which a thin film of silver is deposited chemically 
This film is liable to tarnish, 
but can easily and quickly 
be renewed when it does so 
We must now return to 
the refracting telescope, in 
which great improvements 
had been made while Her- 
schel and others were de- 
veloping the reflector An 
Englishman, Chester Moor 
Hall, had suggested that, by 
combining two kinds of glass, 
rays of nearly all colours 
could be brought to practi- 
cally the same point , and 
another Englishman, John 
Dollond, was the first (in 
1758) to make this generally 
known The telescopes 
which he made, though quite 
short, were found to give 
images comparatively free 
from false colour, and were a 
vast improvement on the 
ungainly monsters of the 
Seventeenth Century Mean- 
while, also, the making of 
optical glass was being 
rapidly developed, especially 
m Switzerland and France, 
and early m the Nineteenth 
Century telescopes of Dol- 
londs type reached a 
diameter of eight or ten 
inches Such instruments 
were known as “ achro- 
matic,” that is, “ free from 
colour ” Still better results 
have of late years been obtained by the use of three lenses, but object-glasses of this type are 
very expensive, and the ordinary two-lens combination of Dollond is, with slight modifications, the 
one usually employed to-day Glasses of this kind have been made in all sizes up to forty inches 



Photo by] [TAe Ycrkes Observatory 

POI^AR STAR TRAILS 

This photograph was the result of pointing an ordinary field camera towards the northern 
sky and leaving it in the same position for about an hour During the exposure the 
Rarth, carrying the camera with it, has been rotating, and this has caused the stars 
to trail on the plate The short, bright trail near the centre was made by the Pole 
Star itself, which is very near, but not exactly, at the North Celestial Pole, the point 
to which the Earth’s axis is directed 
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Oui modem obsu\ atoms aie equipped with both lcfiactmg and 
re citing telescopes Jtach possesses spec lal .uhuntages which make it 
suitable lor paiticulai kinds ol work Ihe chief mu it of the ntleetoi 
is that it < an he made in very huge sizes, pnncipally because glass of oul\ 
one kind is used, anel its tianspauney and genual quality aie not ol \ ere 
great linpoitanee Ihe images yielded by the refleetoi aie entnely free 
from false eoloui, anel this makes the type jwiticulaily useful fot photo- 
graplue woik On the othei hand, icfleetors aie apt to be alfeeteel in 
then peifonnanee by changes of temperature, and then open tubes 
encouiage the foimatjon ol an-euucnts, whuh are harmful to eiitieal 
< climtion lluse eh awbaekselei not apply m the same degiee to icfiacting 
telescopes We maj sum up by saying that, m geneial, reflet tens aie 
used w lie 1 e the maximum tolleetion of l, -hi ,s elesned, while lefraetois 


prolong (| ir, /Ilu u ill „,,t 

im i t ist tilt mimht i 

* i 

when a steady 

* 

imagi is essential 


Vn astionomn al 


tclcse oj)c is i o illy a 

1^ 

moie simph instm- 

p*. t - 

muit than the 

r v j 

common pot k< t 


spy-gLiss If we 

hr' 

t«ike one ol the 


lattt r to pittes w r e 

p*’ •* 

sh.ill Imcl no h ss 


than foui ghisses 



the large lens 1 hi 
astronomer is eon 
tent with two, oi 
some times only one 
By tins moie light 
is gained, but 
objeets die ahvays 
slui upside down 
^ question ncailj 
always asked bj 
\Jsitois to an ob- 
servatory is “How 
much do these large 
telescopes mag- 
nify ? No simple 
answei can be given 
for the magnifying 
power depc nds upon 
the cye-piece, and 
the astronomer can 
obtain almost any 
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THE GREXT COMET OT 1882 


This was the first really successful photograph of a 
comet ever obtained The large number of stars 
present on it suggested to Sir David Gill (who took 
the photogiaph) that the mapping of the Heavens 
could be rapidly and accurately carried out by means 
of the photographic plate 

that they can be directed to any part 
of the heavens, and a clockwork 
mechanism keeps them pointed con- 
tinuously on any desued object in spite 
of the rotation of the earth 

* * * * 

We have spoken of the telescope as 
being m reality a gigantic eye , but, 
strictly speaking, it is only half an eye 
Human vision is not merely the 
formation of a picture by a lens, for 
such a picture is only of use when it 
has the sensitive surface of the retina 
to fall upon All that the telescope, 
as described so far, accomplishes, is to 
provide our eye with a much bigger 
lens It does not give us a more 
sensitive retina, and in observing we 
use the one we have already But 
there is a way m which we can complete 
the resemblance of the telescope to the 
eye, for the science of the Nineteenth 
Century has given us in the photographic 
plate a new and artificial ietina of great 


power he likes by simple substitution of this trifling 
piece of apparatus But for e\cry telescope there will 
always be a maximum power that can usefully be 
employed, and this will depend on the size of the 
object-glass or large mirror Only a certain amount of 
light is available, and we shall get a \ ery dim picture 
if we spread it out too much Moreovci , the air through 
which we arc looking is ncaily always m a state of more 
or less agitation, and the distortion thus produced m 
the image will only be increased if wc magnify it to 
excess In brief, it may be said that, while powers 
between 1,000 and 3,000 are very occasionally used on 
the largest telescopes, lenses are most generally chosen 
which will enlarge the apparent diameter of an object 
from 100 to 700 times , the actual power selected will 
depend on the size of the telescope, the condition of 
the atmosphere, and the nature of the object examined 
For companson, it will be recalled that an ordinary 
pi ism-binocular magnifies about eight diameters Large 
telescopes arc, with certain exceptions, so mounted 
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THE STANDARD “ ASTROGRAPHIC ” TEEESCOPE 
By means of an instrument of this kind the Heavens can be mapped 
photographically m small sections with great accuracy The tjpc 
shown was that adopted in 1887 for use m 18 observatories, scattered 
throughout the world The great photographic atlas that was to result 
from this is still incomplete 




^kaujnhofer. 

Aided by improvements in the manufacture of optical nlas- 
I'raunhofer greatly developed the refracting telescope earl 
m the Nineteenth Century. He was the first man to map th 
d.uk lines in the Solar Spectrum, and his name is* sti 
associated with them. 


KIRCIIHOFF. 

Kirchhoff investigated the problem presented by' 'the 
Fraunhofer lines ” in the Solar Spectrum, and was the 
lirst to explain them as being due to the gases of well-known 
elements, present in the Sun’s atmosphere. 



BUNSEN. 

Bunsen was associated with Kirchhoff in investigations 
connected with spectrum analysis. He invented a type of 
gas-burner which, producing a hot flame of low luminosity, 
.uhtated the vaporisation of various substances and the 
study of their spectra. 


HUGGINS. 

Sir William Huggins was the first man to make a detailed 
study of the spectra of the stars, and modem stellar spectro- 
scopy is a development of his pioneer work. He was the first 
to prove that certain nebulae are truly gaseous. 



Photo by] [The L%ck Observatory 

A PHOTOGRAPH OF THE REGION OF THE EUNAR CRATER “ PTOEEMY ” 

Photography of the Moon’s surface is chiefly of use in fixing the outlines and relative positions of the various features Photo- 
graphs such as the one abo\e serve to give a very good general idea of lunar landscapes, but, though taken with large telescopes, 
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DRAWING OF “ PTOIJvMY ” 
AND ITS NEIGHBOURS. 
This sketch represents an attempt 
to delineate at the telescope the 
general outlines of the craters seen 
in the centre of the preceding 
photograph. The result is far from 
accurate, and much valuable time 
is wasted, which would have been 
better employed in filling in the 
details absent from the photo- 
graph. The latter was secured in 
a single second of time. 


sensitiveness. We have only to combine this artificial retina with a 
lens which will throw a picture upon it, and we at once have a real 
model of the eye on a large scale. Such a combination is, of course, 
lamibar to us all as the photographic camera. 

lho cameuis to which most of us are accustomed are small affairs, 
generally from a few inches to a couple of feet in length, but we should 
bear in mind that the combination of a plate with a lens of any size 
or focal length still constitutes a camera. Thus, if wc remove the 
eye-piece of a giant telescope and substitute a photographic plate, 
we at once Produce an instrument which is just as much a true 
camera as is our little pocket kodak. 


lhc possibility of using photography as a means of portraying 
celestial objects occurred veiy early to the pioneer workers. In fact, 
some of these pioneers, including Sir John Herschel, were themselves 
astronomers of distinction. The great bar to progress in these early 
days was the lack of sensitiveness of the old “wet” plate. In 
consequence of this, only the brightest objects, such as the Sun and 
Moon, could be properly photographed. Moreover, the pictures 
produced by the new method showed much less detail than could be 
seen by the eye at the telescope; and so for many years celestial 
photography was regarded as little more than a scientific curiosity, of 
veiy small practical value to the. astronomer. But the whole aspect 
of affairs was changed by the advent of the dry plate, which was 
not only much more sensitive than its wet predecessor, but was far 
moie easy to handle. I lie result of this new improvement was a 


revival of interest in celestial photography; 
for it was now possible to extend the 
grasp of the camera to include the 
feeble light of the fainter stars, which 
had hitherto been out of reach. The 
importance of this may not lie apparent 
to the reader at first sight, and even 
the astronomers themselves were, for 
the most part, slow to realise it. Prob- 
ably the first man to appreciate its full 
significance was Sir David Gill, then Her 
Majesty’s Astronomer at the Cape. In the 
year 1882 he secured some very beautiful 
photographs of the great comet which was 
then visible. On developing the photographs 
(which were taken with an ordinary camera), 
Gill was struck, not merely by the successful 
portrayal of the comet, but also by the 
large number of faint stars which had been 
recorded along with it, and he at once 
realised the important fact that, in photo- 
graphing the comet, he had simultaneously 
secured an excellent chart of a large portion 
of the Heavens. 



EXAMINING AND MEASURING A CEUESTIAI 
PHOTOGRAPH. 


Once a photograph of the sky lifts been taken, it remains as a 
permanent record, and can be at any time submitted to minute 
examination and measurement. Special machines are designed 
loi this purpose and, at Harvard and elsewhere, much of the work 
is done by women. 
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Photoby] [ The Y erkes Observatory 


THE BRUCE PHOTOGRAPHIC 1EEESCOPE OF THE 
YERKES OBSERVATORY 

This instrument was specially designed for the photography 
of the Milky Way, and magnificent pictures of the latter 
were obtained with it by the late Professor Barnard 

thus eliminated, and we may be sure that each 
star is m its right place This much Gill 
realised, but he also saw that his pictures were 
on so small a scale that the positions of the stars 
recorded on them could not be measured with 
the exactness required by astronomers Indeed, 
it seemed rather doubtful whether such minute 
accuracy could ever be secured by photographic 
means, even with much larger instruments But 
meanwhile this very matter was being investi- 
gated by the brothers Henry at the Pans 
Observatory After various preliminary experi- 
ments they constructed a special lens 13 inches 
m diameter, and fitted it to a camera over 
11 feet long This gave a much larger scale to 
the photographs than the small cameras 
hitherto used, and it was found that the 
positions of stars could be measured on the 
plates with an accuracy comparable to that 
attainable by the old \isual methods The 


Now, the accurate mapping of the stars in the sky 
has always been, and still is, of fundamental impor- 
tance to astronomers, for it enables them to fix exactly 
the positions of the wandering planets, and also to 
detect changes and movements among the stars them- 
selves But the making of a good star-chart is not 
a simple matter The position of each star has to be 
measured separately, which takes a very long time if 
the chart is to include many faint stars and even 
when the work is over, there are bound to be eriois 
of measurement and recording which are difficult to 
check It will be readily seen that the case is \uy 
different when a chart is made by means of photog- 
raphy, for the process is now automatic A thousand 
stars may simultaneously lccord themselves upon one 
plate m the course of a few minutes, which means a 
great saving of time The personal element, too, is 



f rom “ A non ledge, by permission of[ [The A stronomer Royal 

THE THOMPSON TEEESCOPE, ROYAE OBSER\ ATORY, 


GREENWICH 

This gigantic camera, 26 inches m aperture, and 22^ feet long, is 
chiefly employed for the determination of stellar distances J lu. 
plates taken with it are on a large scale, and can be measured with 
ver\ great accuracy A visual telescope, of smaller size, is mounted 
alongside of the large camera to facilitate accurate guiding ot Hit. 
instrument during the time of exposure 
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NEBULOSITY IN THE PLEIADES 


[T lit \ crkcs Ob crvatory 



The stars forming this weU known cluster are involved in nebulosity of a tenuous wispv character Some of this is lust faintly 
visible m a large telescope, but most of it is bevond the reach of the eve, partly because of the da/zhng effect of the bright stars 
The photographic plate is not affected m this way except very near to the images of the stars, and a perfect picture of the funt 

nebulositv is obtainable with a sufficiently long exposure 
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only drawback was — * 

that, with such a 
lai^c stale, only 
a \ c l v small por- 
t ion ot the sky could 
be photographed at 
one time In fact, 
it would uqiuic ten 
thousand plates to 
<• over the entu t 
sky, and the laboui 

PORTION OP OR, ON ' “J ""’« IX.RAP,, op NORINPRN PORUON 

Ihis is tlic view obt lined by the eye lhe cincL 01 Ol ORION 

“ , nl0llSUrUlg thC mi] - »<>« >-'»v < «u. si ir .fleets Uu 

Cf lions of Stai -images photographic plitc Hctclgeuse ippe irs here is 

upon them would ‘ f >,nl st u, mv,n S to Usrulusss 

be far too big a task fo. one obsenatory to accomplish Accoiebngly, the co-operation of other astrono- 
mers was invited, and, at a confer ence held i n Pans in 1 887, .t was arm nged that 18 scpai ate obsci valoi ics 
siou d join in a systematic scheme foi photogiaphing the entin sky, each using an instrument similar 
o lat of the Hemy brothus lo tins day, unhappily, the sell, nu ii mains unfinished, but what has 
been done has amply dim oust, at ul tin soundness of tin methods i mploycd, and much information 
of gnat valui lias aheady been denvid from the plates tahm lhe gnat mint of such a chart ,s Us 
extreme aicunicy, due to tin length of the camera employed but, fo, sonn of his puiposis lhe 
astronomer needs merely a pidurc of a portion of the sky and is not concerned with the exact pos.’t.ons 
o he stars on it He then makes use erf a different kind e,f photograph, taken with a comparatively 
small camera, whose length may Ire anything from a few inches to about four feet With such an 
instrument large portions of the sky can be photographed at the same tone on one plate, the- seale 
cmg so small In fact the whole sky can be charted on quite a small number of plates by one man 
m a reasonable time Ih.s was actually done some years ago by the. lat,. M. hanklur Adams, whose 


PHOT OGRAPII OP NOR1IIPRN PORI ION 
OL ORION 

lliib shows how lcchlv i lul si ir iffects the 
photographic pi ilc Hctclgeusc ippe irs here is 
i eomp u ilivcl} f unt st ii, owing to its redness 
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Yellow Orange Rfo 



FMISSION SPJ CURA 


Such t, spccti um is S'ud to be “ eontniuous ” 
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200 charts, covering the entire sky, have proved of great value to astronomers. At the Harvard 
College Observatory, in America, a camera only about a foot long is in use on every fine night, and 
by its means every part of the sky visible from that latitude is photographed several times each year. 
This method of repetition is of great value for the detection of changes in the light of the stars, and 
many “ new ” or temporary stars have been brought to fight in this way. Photography is now very 
largely used for determining the relative brightness of the stars. Great accuracy is attainable by this 
method, but the results are not directly comparable with those obtained by the eye. The differences 
are due to the colours of the stars, which affect the plate and the eye in an unequal manner. Thus, 
for instance, red stars are much fainter on a photograph than they appear visually. The difficulty is 
now being overcome, but at the expense of a good deal of extra labour in elaborating the methods used. 


Photography has of late years been very successfully applied to the portrayal of the surfaces of 
the Sun, Moon, and planets, but it has not been found possible to photograph with any telescope 
details that are too minute to be seen with much smaller instruments. The value of the photographs 
consists rather in the rapidity with which the records are obtained, and in the general accuracy of tin- 
pictures. Thus, in the case of the Moon, a good photograph will serve to fix once and for all the relative 
positions of the various features and their general outline. It is left for the visual observer to fill in the 
details that are too small to be photographed. 

Thus far celestial photography has been considered rather in its aspect of a labour-saving device 
for the astronomer, who could, by expending much time and trouble, do most of the work nearly 
as well by visual means. But the sensitive plate has certain properties which render it definitely 
superior to the eye in some other departments of astronomical work. Our eyes can only perceive 
light that is of a certain intensity, and objects fainter than this are invisible to us. Prolonged gazing 


HOW A “PURE” SPECTRUM IS FORMED. 

To prevent overlapping of the coloured images seen through a prism the light is made to pass through a narrow slit. The 
colours are then seen more nearly separate, and the spectrum produced is said to be pure. The degree of “ purity ” increases 

as the slit is made more narrow. 



A HE SUN’S AlMOSPHIyR]' 


™ OF H\ DROGEN 

t0 f am w f° ul **■ * <«* Spcct.ohehogreph, whose action :s 

toofamt to be seen against the glareof the sob, surface, 'ifc S 



PRINCIPLE OF THE SPECTROSCOPE. 

The rays which pass through the narrow slit are made parallel by means of a lens. They then pass through a prism which 
disperses them into a spectrum. The latter can be examined with a small telescope (as shown in the illustration) or focussed 

upon a plate by a photographic lens. 



THE THREE GREAT TYPES OF SPECTRUM. 

An incandescent solid gives out light of all colours and yields a “ continuous ” spectrum. A glowing gas gives a spectrum 
of a few bright lines of certain definite colours. But the same gases, when shining in front of a hotter body that is giving a 
continuous spectrum, have their bright lines “reversed,” or'made dark, and are then said to produce an “absorption ” spectrum. 





Splendour of the Heavens 


61 


makes matters worse lather than better, since the eye, like the ust of the body, is subject to fatigue 
I he case of the photogiaphic plate is different, for it continues to pile up its impressions all the time 
that it is exposed A star that is too faint to be recoidcd in a few seconds of time will continue to 
bombard one small spot on the plate with its feeble light until the sensitive film at last begins to be 
afiected And the process will not stop here, for the plate never gets tired, and will continue almost 
indefinitely to respond to the bombardment until an image of gieat intensity is produced It follows 
then that very faint objects, such as most of the nebul.e, are be tie i stud.ed by photography than 
by the eye All that is required is a large telescope, preferably a u Hector, and an exposure whose 
length, varying with the brightness of the nebula, may be anything fiom a few seconds to scveial 
hours In this way have been secured wonderful pictures which have entnely ic v olutiomsed our 
knowledge of bodies of this kind Some of this increase of knowledge could have been secured by 



Ihis picture shows how i photon ipluc spcUioscopL c ui 1 >l itt idled to i 1 kit scope in pi ill of the usu il lvc niece I h, 

U tilt lyi^ht as it IS dispersed bv the pnsms, md the 1 ivs I111 ill> forming the spectrum m_ 
Opposite ill direction to the 01 i<pn il be 1111 


greatly increasing the si/e of vismd telescopes (if this weic possible), but certainly not all of it for 
many of the rays which affect a plate are beyond the langc of human vision, however bright thev 
may be A mere increase of the sue of the telescope can never make them visible 

Any ordinary camera can be used to secure photographs of the stars, 01 at any rate of the brighter 
ones It is only necessary to focus the camera for distant objects, insert a plate or film, and point 
apparatus to the sky But, with an exposure long enough to be of much use (say five minutes), the 
1 , r tf a scnes ^ ncs w herc the small star-points should be This js an effect of the rotation 

o he Jiarth, which has moved the camera bodily, leaving the stars behind So the astronomer, to 
, a ^ ear P ic ^ urc > roust always keep his camera in steady motion so as to point continuously at 
ars emg photographed This is done by mounting the camua alongside of a telescope driven 
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From “Astronomy Jor Boy Scouts and Others."] [By permission of Messrs. C. A rthur Pearson, Ltd. 


THE SOEAR SPECTRUM. 

The background of the Sun’s spectrum is continuous in the main, but it is crossed by numerous dark lines, 
due to absorption of certain rays by the gases of the solar atmosphere. These gases can be identified by 
comparing the positions of the lines with those furnished by the same elements in our laboratories. 


bv clockwork, and during the whole exposure the operator must, by inspection through the telescope, 
see that the apparatus is being properly driven by the mechanism. If things are not going smoothly 
the movement of the clock can be altered, or the plate itself slightly shifted. 

♦ sj; :J: ^ s): sjj $ H* 

The amount we can learn about the heavens by the use of the telescope and camera is truly 
astonishing, for these instruments, helped by mathematics, have revealed to us the position, distance, 
shape, size, weight, colour and brightness of bodies that are millions of miles away from us. But 
they leave one all-important question unanswered. No amount of mere gazing at a star can tell us 


with certainty what it is made of 
alone, had to say, like the child 
what you are ! ” He could, it is 
the very appearance of certain 
actually handle them, he was 
appearances were deceptive, 
teenth Century, a discovery was 
him with the answer to his ques- 
covery was that there exists a 
ical (and physical) nature of a 
the light which it emits. The 
astronomer will be clear enough, 
means of studying the nature of 
necting link with him was their 
We have already seen how a 
by a different amount, so that, 
prism, we can see just how many 
we examine any white-hot solid 
or carbon — with a prism, we 
all the colours of the rainbow, 
a spectrum. But this is not the 
throw some salt into a spirit- 
light, which is really the glow- 
Looking at this flame through 
instead of a rainbow-band of 
seen, as by direct view without 
that Sodium gas gives light of 
such as Hydrogen, give out, 
several colours, so that we shall 
flames, each of a different tint, 
different place, since the prism 
and there will be large dark 


; and the astronomer of a hundred 


i 



AN OBJECTIVE PRISM. 

By mounting a large prism in front of 
the “ objective,” or large lens, of a 
telescope, the spectra of many stars can 
be photographed simultaneously. No 
slit is required owing to the smallness 
of the stars’ images. 


years ago, armed with telescope 
in the rhyme : " How I wonder 
true, make shrewd guesses from 
objects, but, as lie could not 
never quite sure how far these 
But in the first half of the Nine- 
made which eventually supplied 
lion. The essence of this dis- 
connection between the chem- 
substance and the character of 
importance of this to the 
for now was opened up to him a 
distant bodies whose one con- 
light. 

prism bends light of each colour 
by looking at a light through a 
colours are really present in it. If 
substance such as steel, lime, 
shall see that its light contains 
spread out into a ribbon called 
case with a glowing gas. If we 
flame we shall produce a yellow 
ing vapour, or gas, of Sodium, 
a prism we shall find that, 
colours, a single yellow flame is 
the glass. This simply means 
one colour only. Other gases, 
when heated, Light rays of 
see through the prism numerous 
Each flame will appear in a 
bends the colours unequally ; 
spaces between them, showing 
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CALCIUM CLOUDS ONT HIT, SUN ITrom" Knowlcd# 


CaJcrum, reduced S hke e all°other^ dcSmhTTYfc “ lUus j; ratl ° 11 ) and nearer to his bright surface, aic found vast cloud like masses of 

quite invisible to d rect nt^r r^, il?, ,’ , Y. gaseous Condltlon thc llercc heat These Calcium clouds arc, like the Hydrogen layer, 
quite im isiblc to direct observation, and for the same reason In order to secure this photograph all rays were excluded by theSpectr£ 

heliograph, save those given out by thc glowing Calcium vapour 
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From ,l The Heavens and Their Story.'* 

Hy courtesy of the Eptvorth Press. 

THIS GREENWICH PHOTOIIJXIJOGRAPH. 
This snuill telescope is used daily at the Royal 
Observatory for securing photographs of the 
Sun and his spots. Each picture is carefully 
measured and a complete record is kept of the 
general appearance of the solar surface. 


what colours are missing from the light. Now, the light of 
a candle comes from minute particles of glowing carbon, and 
when looked at through a prism, appears to contain rays of 
every colour. In fact, we see innumerable (lames of every 
shade spread out in a continuous strip. But these coloured 
(lames, being large, overlap one another to such an extent 
that we cannot, by this rough method, be quite sure that no 
colours are missing. We cannot make the (lame small enough 
to prevent this overlapping, but by putting a narrow slit 
between flame and prism we can cut the former down to a tine 
line of light. r! 

The spectrum now produced, nearly free from the over- 
lapping effect, is called a " pure ” spectrum ; but we shall 
find that, though the colours are more clearly defined than 
before, there are still no gaps in it, and it: is said to be 
continuous. But, if now we hold up our slit towards a 
sun-lit cloud, and examine its spectrum through the prism, 
we shall see a number of narrow dark spaces, or lines, each 
the shape and width of the slit. This shows us that the 
spcctium of the Sun is not perfectly continuous : certain 
colours, corresponding to the dark spaces, are missing. An 
observation of this kind was first made by Wollaston, in 1802 ; 

_ an( T m 1814, braunhofer, using a very narrow slit and 

magnifying the spectrum with a small telescope, succeeded in detecting nearly 000 of these mysterious 
dark lines. He further noted that one of the most conspicuous of the lines occupied the same place 
in the spectrum as the bright yellow 
line produced by a Sodium (lame. 

It was not until 1859 that the true 
explanation of all these facts was given 
by Kirchhoff. While observing the 
spectrum of Sodium, he found that, on 
placing behind the flame a piece of 
incandescent lime, the bright yellow line 
of the vapour became instantly dark, 
and was so seen against the bright con- 
tinuous spectrum of the lime. The 
same thing happened to the bright lines 
of Hydrogen and other glowing gases— 
all were darkened, or “ reversed/ 1 as 
the technical expression is. As the 
upshot of his experiments, Kirchhoff 
was thus able to state, as a funda- 
mental law, that substances in the 
gaseous state had the property of absorb- 
ing , or blocking out light of the same 
colour as that which they themselves 
emitted. 

The great secret of the Solar Spec- photography as a means of discovery. 

trum was at last revealed, for the dark The search for new minor planets is now conducted almost entirely by 

lines were now seen to be due to the nre photography. On a photograph they reveal themselves by their 

* ' J P re motion, which causes them to form short trails on the plate. One of 

sence of gases in the Sun's atmosphere, these minor planet trails is shown near the centre of the picture. 
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yields an entirely separate and distinctive set of lines Th ^ |J ° SI ' :lons ' and ever y substance 

present m the Sun's atmosphere by ZparmZZlarV 7“ ZZ °“ ty °” e ^ '>«* 
substances found on the Earth In thp ro f pectrum with the analysed light of the same 

tor was found the Sun by ,t,JSZ2 ZT’ HellUm ' ** ^ ^ 

own laboratories ^ ^ er> man y Y ears before it could be isolated m our 

«l“ y ewf S - T f h * he Su ”' lUl “ ^ 

Huggins, who began toobsc™ 2 s«ctra sttL^Zn , b ^ V ™“»" 

tions confirmed the long suspected fad that h ^ . C ^ 1860 HlS observa ' 

to our own Sun He identified in them manv 11 WCI ? comparal:)le ln thcir nature and materials 
them under various types He was also the first to ' T" e *T eStnal elements and was able to classify 

gaseous nature of certain of the nebute But tte dl T t Z* ^ Spectroscope ’ the t™ly 

after him cannot Ut the detaik ° f 1113 work > and of that of those who came 


after him, cannot 
here They will be 
other parts of this 
however, one ap- 
spectroscopy, as 
Huggins, which 
mention here, as 
cerned with the 
by the spcctro- 
It had been 
Doppler that, if a 
were approaching 
greater number of 
reach his eye every 
body were station- 
words the length 
appear to be 
membermg that 
produced by a 
pends upon its 
see that every col- 
spectrum will, if 
proachmg, have 
altered, tending to 
than red Every 
the spectrum will 
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MORIvHOUSl<\S COMF,f, 1908c ' Gre ° nmch 

Photogiaphy Ins added gicatly to oui knowledge of the structure of 
comets and tliur tails Very few of these objects ue In ight enough to 

si ns mV! , l !n ,U ' y t0 UlC CyC lhL “ trjlhn « ” the surrounclmg 
stais indicates the amount and dncction of the comet’s motion during 

the period of exposure 


be entered into 
treated fully in 
work There is, 
plication of stellar 
developed by 
calls for special 
being directly con- 
treatment of Light 
scope 

pointed out by 
source of Light 
an observer, a 
light-waves would 
second than if the 
ary In other 
of each wave would 
diminished Re- 
the colour effect 
light-wave de- 
length, we shall 
oured ray in the 
the body be ap- 
lts tint slightly 
become more violet 
line, therefore, in 
be shifted slightly 


towards the violet end, or, if the body is receding from us, towards the red end The colour of the body 

f 0dUC , ed by the combmed cffect of all the rays, will be unaltered, since every ray has moved by the 
moun n every case certain rays are transfcried into the invisible portion of the spectrum 

To tZZIT l n T emergC int0 V1Slblllt y at the other cnd to ffll up the gap created there 

so that the full number of rays present in the visible spectrum remains unchanged l/way of analogy’ 

r fo m r l y b P1 T \ If 1 WhlCh ]USt h ° ldS ^ b ° yS ' Slttmg d0Se together If an eleventh bo^iS 
h row at one end, say next to number ten, he can do so by pushing all the others 

rlZnVuilL^ 0 ” “ ^ “ h ' S *“ ~ ^-££2 

, ^ a !i n ?,’ IS | U, ‘?T ,aple of Do PP ler ' s ' Huggins was able lor the fast time, by measuring the shift 
ol the spectral hues, to determine the to-and-fro veloct.es of the stars, or, as it ,s technically temed. 
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A SPKO'ROHKUOG-llAPH. 

This wonderful development of the spectroscope, due to Hale and Deslandres, has enabled us to study separately and in detail the 
normally invisible gases present in the Sun’s upper atmosphere. A spectrum of the Sun is formed in the usual way, by the use of 
a slit and grating, but, by placing a second slit exactly over one of the dark absorption lines of, say, Hydrogen, all light is excluded 
from the photographic plate save a single ray due to that element. If the Sun’s image is focussed on the first slit, and both slits 
are moved simultaneously in the same direction, a composite picture is built up, showing the whole of the Hydrogen layer of the 
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their line-of-sight velocities Since then the method has been greatly extended m its accuracy 
and scope and has added enormously to our knowledge of stellar motions 

The uses of the spectroscope arc still more extensive than has been indicated m this brief sketch 
The information it has supplied in various departments of astronomical research will be dealt with 
in detail elsewhere It will be sufficient here to mention that by its means we have gained knowledge 
not merely of the materials present in the heavenly bodies, and of their velocities, but also of their 
temperatures, densities, electro-magnetic conditions, and even then distances from us 



MOllON REVEALED BY EIGHT 

ilie length of a Eight wave is virtually shortened or lengthened if the source of Eight is moving towards or away from the 
observer Thus, every spectral lay (whose colour depends on the wave length) has its tint slightly changed In other words, 
it moves up or down the spectrum The amount of movement depends on the velocity of the body mid is measured by 
comparison with a spectrum of some terrestrial substance that is present also in the body Our illustration shows (1) the 
spec o a s ar at rest, (2) the compinsoii ” or laboratory spectrum, (3 and 4) the spectra of stars approaching and 

receding respectively 

The spectroscopes in use to-day m our observatories differ little m principle from the simple 
instrument of Fiaunhofer, except that nearly all the work is now clone by photography The light 
from a star or other body is focussed on a narrow slit by the object-glass of the large telescope The 
rays coming from the slit are then made parallel by means of a lens They then pass through one 
or more prisms, and the resulting spectrum is collected by a lens, which focusses it on the photographic 
plate In the case of stars the slit is sometimes dispensed with, as the image is narrow enough already 
In this case the prism is usually placed m front of the object-glass, and is then called an “ objective- 
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prism. Obviously the prism will have to be very large if the whole diameter of a big lens is to be 
utilised, and large prisms are very difficult and expensive to make. Moreover, the length of the 
spectT (known as the amount of its “dispersion”) is comparatively small except with a very 
f n fT ' and S ° tbe method 15 chiefl y employed, with fairly small instruments, for obtaining 
Bv thk l ’ r a m t ; SCale ' 0f the spcctrum of a star - OT of a group of stars simultaneously 

CoHege ^ ^ ^ ph ° t0graphed and classified whol - a le at the Harvard 

there's a Til ^ ° f & priSm is ’ ° f C0UrSe ’ an effect of refraction. But 

Si 1 e t Tn 0C T 7 ght may bG disperscd ' When a ray of white light passes the edge 

1st anith " 111 IT " ld diSperS6d by What " kn ° Wn as “ Effraction/’ the red rays 
and the violet least. This is not ordinarily detected by the eye, for the resulting colours are 



oPRCTRA OF A GROUP OF STARS ■ fie ^■ arva ^ Observatory. 

slit is P used?nd thTspectral Un^ one 5 h°wn in an earlier illustration. No 

the spectra wo " d be — lfaes - The ~ 


^ f - object. But 

through such a small aperture, the spectrum is very faint A series of 111 f h f ht ^ PaSS 
and opaque spaces, gives a more brilliant result anH , f St ' that ls alternate clear 

spectrum proLeAuch a„ ^ 

m place of a prism. The form eenerallv a ■ , g ’ nd 1S often use< f in a spectroscope 

surface aud the spectrum is then formed by faL^^Ta ‘JSf! iefeSg 
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THE YERKES OBSERVATORY, CHICAGO, U.S.A. 


[E. N.A. 


Erected in 1895, and equipped with magnificent instruments, the Yerkes Observatory has contributed greatly to the 
advance of modern Astronomy. The principal lines of work have been direct and spectroscopic photography of Sun, Stars 
and Nebula, and the measurement of close double stars. The great 90-foot dome, covering the 40-inch telescope, will be 

seen on the right. 


grating is the common gramophone record. If one of these is held very obliquely, almost edge-on, and 
a candle-flame reflected from its surface, the spectral colours will be clearly seen. 

****** H* :f: * 

No account of astronomical instruments could in these days be quite up-to-date without some 
reference to the Interferometer. This instrument was first successfully applied to the purposes of 
astronomical measurement about thirty years ago by Michelson ; but, under his direction, it has been 
much further developed in the past four years, and has now been made to yield results of the first 
importance to Astronomy. 

The smallness of the details revealed by a telescope depends entirely upon the diameter of its 
object-glass. Any telescope has a definite limit below which it cannot render a true picture of fine 
detail, and if we double the diameter of the glass we shall exactly halve this limit and be able to define 
detail that is twice as small. Now, it is the rays from the two opposite edges of the lens that are chiefly 
responsible for resolving detail, so that a large lens, whose edges are farther apart, is more efficient 
than a small one. We have seen that there are great difficulties in the way of constructing telescopes 
above a certain size, so that we cannot define clearly, and therefore measure, objects that are below a 
certain apparent size. But, if we can make use of rays that are farther apart than the diameter of 
our object-glass we shall virtually increase onr ability to reach smaller details, and this is what the 
interferometer does, lhe principle employed is similar to that of a trench periscope, which, by 
means of two mirrors, makes use of rays that would otherwise pass several inches or feet above the 
line of sight. It will be seen from our illustration that, by the use of two periscopes, rays may be directed 
down a telescope which were originally anything up to twenty feet apart. In this way the resolving 
power of the telescope can be greatly increased. This does not actually mean that we obtain a clearer 
view of a small object, as we should do with a larger telescope, but by noticing certain effects produced 
by interference of the rays, we can tell exactly how large a telescope would be required to show the 
object clearly. By a simple calculation, based on the properties of Light, we can then estimate the 
apparent size of the body we are observing. In this way the actual diameters of several stars, whose true 
images are beyond the reach of our telescopes, have been measured at Mount Wilson ; and a larger 
instrument, with mirrors 50 feet apart, is being made, and will be capable of measuring stars whose 
discs subtend a still smaller angle. 
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CHAPTER II 

THE SOLAR SYSTEM 

By A C D Crommelin, BA, DSc, FRAS 


W E assume that our readeis desire to study the heavens with more care than the mere casual glance 
that some people bestow on the glittering orbs that bespangle the night sky, when we endeavour 
to learn their configurations, we find that the great majority of them remain unchanged in their 
grouping night after night, year after year, and, if we add the experience of others to our own, we may 
even say century after century Their place m our sky, indeed, changes rapidly , we have merely to 
look at some group of stais for a few minutes, and maik its place by some tree, spire or other landmark , 
we soon notice that it is steadily gliding westward If we watch the same group the next night, standing 
ourselves in the same place, we shall find that it gets to the marked position four minutes earlier than 
the pievious night This daily change of four minutes mounts up to two hours per month, so that a few 
months brings about a complete alteration in the star-groups visible m the evening sky When we have 
watched them through a whole year, we 


note that they repeat the same positions 
as 12 months earlier There is thus a 
daily and a yearly shift, but both of these 
belong to our Earth, not to the stars 
themselves , the Earth has, in fact, two 
movements — a daily spin, which is ac- 
complished in 24 hours all but four 
minutes, and a yearly motion round the 
Sun This lattci movement causes the 
Sun to occupy different positions m the 
heavens month by month, the stais 
seen at night, which are those opposite 
to the Sun, or nearly so, also change 
from month to month Ihioughout 
these changes the stars continue to show 
the same grouping among themselves 
This applies to the great bulk of them, 
but there are exceptions If we mark the 
place of the Moon among the stars, we 
shall quickly find that it is moving among 
them The motion is always in the same 
direction, and through a certain group 
of 12 constellations, forming the Zodiac, 
which we shall do well to study carefully 
and commit to memory The Moon 
completes its tour of the heavens in a 
little more than 27 days, but the time 
required to bring it back to the same 
phases as at first (Half-Moon, Full-Moon, 
etc) is two days longer, or 29 \ days 
The Moon is not the only moving orb 
m the 12 constellations of the Zodiac 
We have already drawn the inference 
that the Sun goes round them once a 
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COMPARATIVE SIZTS OF HIP, PI, AM TS 
llus picture shows the great difference in size between the planets 
the four giant planets have very extensive atmosphcies of clouds and 
vapours, and do not exceed the Earth in mass to nearly the same extent 
that they do in bulk The belts on Jupiter, Saturn, and Uranus, 
result from rapid rotation 



72 


Splendour of the Heavens 



From MARS 


THE EARTH 


From MERCURY 


From VENUS 


COMPARATIVE 


u* THE 

Neptune, the farthest planet is nearly 80 times as far from the Sun as Mercury, the nearest? and amsequently receives less 
n oue-sixty -thousandth of the light and heat. If the outer planets were dependent on the Sun alone for their heat they 

would be perpetually frostbound. 




year; besides these two, there are five other bright orbs that change their places among the stars. 
The whole seven were known as the planets (Greek, “Wandering Stars”), but nowadays the Sun 
and Moon are rarely included under this title. We cannot continue our star-watcli for many 
weeks without picking some of them up. The most brilliant of all can be instantly distinguished 
from a fixed star by its lustre alone. This is Venus, the beautiful morning and evening star, 
.t is never very fai away from the Sun, and is seen in the west after sunset for several months in 
succession, then after a brief interval it becomes a morning star for several months ; its complete cycle 
ot changes lasts for a year and seven months. Mercury imitates the behaviour of Venus, but its 
cycle of changes is much briefer, lasting only four months ; also it is much less brilliant, and we 
s,a not pick it up without consulting the almanac. Jupiter comes second in brilliancy among the 
planets, and is much brighter than any fixed star ; it can be seen for several months every year ; first 
as a morning star, then as an all-night star, and finally as an evening star. Its motion among the fixed 
stars is slow, and it takes 12 years to go round the sky. It therefore remains a year in each constellation. 

e two remaining orbs can be easily distinguished by their colours, Mars being of a fiery orange, while 
Saturn is a dull yellowish white ; also it moves much more slowly through the stars, taking nearly 
30 years to go round the sky, whereas Mars takes less than two. 

+ u ? iS / f tUral "I 00 ™ 0 ' inferenCe t0 draw that a11 these m ™ng orbs are much nearer to us than 
, ^ c ^ ^ orm ’ ^°§ e th er with our Earth, a family of worlds isolated in space, to which 

the name Solar System, or Sun’s Family, is given. The study of this family will occupy several chapters ; 
the present one deals with them as a connected group, and afterwards they will be studied singly 

The changing. phases of the Moon are due to its being a dark world like our Earth, simply shining by 
reflecting back the sunlight that falls on it. When nearly in the same direction as the Sun, it turns only 
a small portion of its bright side to us, appearing as a thin crescent. But as it moves on we see more 
and more of the bright side, till the whole disc is bright, when it is opposite to the Sun. The two inner 
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bodies l’lkc^ur'Ianh Indxv’e'knov^th'irtl " ^ t ° k " ,co l x ‘ llke thc Moon . proving that they are dark 

n,a k « life possible „„ wl* to' 1 ^ 7 1 Z! * *“*" 4 *" 

ond^hMo r lTlTe^ r 'V7' h< ‘ r PCC ’ S , ’ hU lM «“* *»" “ *■>< - — , and so have das 
Mars has a scanty 7' '""‘T “ ° f “ UrS ° M,al h * h '«W'‘y 

hfi tkv n l n ° n tlu ' 0ry lar S ( ‘ P lancts there is another obstacle to the presence of 

:a£SSrK 

ine solar System consists oi a great cento al 
orb, the Sun, and a numerous letinue oi 
attendant worlds tia\ oiling round it The Sun 
outweighs their united mass about 700 times , 
we can see two stiong reasons foi tins gieat 
pitponderancc first in order that it should 
continue to supph light and luat to its ietiniu 
during the vast penods dining which thur 
habitability continues secondly, that its 
attractive power should so fai e\cud that ot 
its attendants that these should not disturb 
each other's more mints to a serious ,Uent, 
any great change in their paths would be pujii- 
dicial to the well-being ot thin inhabitants 
^lso, if the planets w'erc comparable with the 
Sun m size, they would not cool sufficiently toi 
habitability till it liael long p ass, el its efficiency 
as a dispenser of light and heat 

We may divide the planets into tin et groups , 
that nearest the Sun is called the gioup of 
terrestrial planets since all its members resemble 
the Earth in having cooled sufficiently to have 
solid surfaces The Earth is tin largest of the 
group, and the third in distance from the Sun 
its neighbour, Venus, is almost as large, but 
the others are much smaller, Mars the outei- 
most member, having one-ninth ot the Earth’s 
mass, Mercury, the innermost, only onc-twenty- 
seventh, and the Moon, which we may regard 
as a member of the group, one-eighty-first or 
one-third of that of Mercury A study of these 
worlds shows that a certain size is necessary for 
a planet to be inhabited, the small worlds 
Mercury and the Moon are airless, and Mai 

k/lr. _ 



U.11U iUUl'S 

fias but a scanty atmosphere, while that 


SI7r Ol 1 in MOON COMP.VRI I) wnn 1HT FAR1H 

^;!r au "! S' 1 "" ,s ‘/“of tlu 1 irth's, consequently 
the surf iec is 1/1 ! mil tlu bulk 1/41 ol the Ruth's But 
its mituuls are less tic’htle lucked, so Hut it wcirIis onlj 

1/81 of the 1 irth 




The paths of the planets round the Sun are here shown in their true proportions, 1 


ma: 




asteroids or minor planets divide the planets into two 

than those between the inner planets. If this were nSt so ihey would gritiy Xtab each ’ C b ° C " ' 1 =** 


other’s motions. Besides the pland 


euipses. The path of one cornet (Halley’s) is shown; it passes inside the" orbit Ne^uTe/to^ ^ 


direction. Comets when near the St 
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OR TUT OF FROS. 


Diagram of the orbits of the Earth, Mars, and Eros; the last 
named is a minor planet whose path comes within 15 million 
miles of the Earth's. Its near approaches, of which the next 
happens in 1031, are used for finding more accurately the Sun’s 
distance. 

for concluding them to be hot. The spaces 
between their orbits are much greater than 
those of the inner planets ; thus Jupiter is five 
times our distance from the Sun, while the 
other three are respectively two, four, and six 
times Jupiter’s distance. This wide spacing is 
necessary for the stability of their orbits ; 
serious disturbances of their motion would 
arise if they were nearer each other. 

Rapid rotation also characterises the giant 
planets. The three first are known to rotate 
in about ten hours ; as a consequence their 
equators bulge out to a notable extent ; thus 
Jupiter’s equatorial diameter exceeds the Polar 
one by 6,000 miles. Owing to distance the 
bulge cannot be clearly seen in the case of 
Neptune, but its effect is shown in the motion 
of Neptune’s satellite. The tendency of clouds 
to lie in belts parallel to the equator is plainly 
seen in Jupiter and Saturn, and suspected in 
the other two. It is a result of the rapid spin 
and of the extensive atmospheres. Matter 
coming up from a lower level would have a 
slower speed (having a smaller circle to' des- 
cribe), and so would be left behind. 

These planets have all families of satellites 
going round them. At present nine are known 


of Venus is comparable with our own in 
extent. 

The outer group of planets consists of much 
larger bodies, which appear to be still in a heated 
state; their surfaces are probably molten, but 
surrounded by very thick layers of clouds 
and vapours, which is all that we are able to 
study. Jupiter outweighs the Earth 318 times, 
Saturn 95 times, Uranus and Neptune 15 and 
17 times. The huge orb of Jupiter weighs 
nearly 2J times as much as all the other planets 
put. together ; yet it would take more than 
1,000 Jupiters to balance the Sun. The giant 
planets exceed the Earth in bulk still more than 
they do in mass, but their materials are much 
less tightly packed, which is one of the reasons 



COMPARATIVE SIZES OF JUPITER AND THE EARTH. 

Jupiter exceeds the Earth 11 times in diameter, 120 times in 
surface, and 1300 times in bulk. But its materials being less 
tightly packed, probably owing to heat, it outweighs the Earth 
on b’ 300 times. The oval patch on Jupiter is the “ Red Spot.” 
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for Jupiter, nine tor Sutuin (cl tenth, lliemis, was announced, but is not completely vended), four for 
Uranus, one for Neptune The laigcst moons ot Jupiter and Saturn arc much largci than oiu Moon, and 
fall little shoit ot Meicury in si/e, but the small ones aie less than 100 miles in diameter These tiny 
worlds lead us on naturally to the third group oi planets the asteroids or planetoids, a family of 
thousands of \uj minute woilcls whose oibits lie in almost all cases between those of Mars and Jupiter, 



DKWIST, 01 < MARS IN lfiOG BY it M ANIONIADI 

This picture was diawn bv K 3\I Aniomadi, with the laige telescope at Mcudon, near Pans lake most astronomical drawings 
it is inverted I he white patch near the upper right-hand edge is the South Polar Cap, supposed to consist of snow Its 
dark bouler is supposed to be watu itsulting fiom its melting; The curved dusky marking near the bottom of the disc is 
the S 3 itis Majoi, the plainest marking on the pliinet aftei the Polar Lap 1 he dusky regions are conjectured to be vegetation, 
while the hghtu regions at the bottom and left (which appeal orange m the telescope) aie piobahlj deserts 

though these limits are transgressed in both directions by a few of them Ovei a thousand are now 
actually known, and every year 30 or 40 moie are added, so that it is estimated that theie may be some 
o0,000 altogether The largest, C ercs, was discovered by Piazzi on the first day of the nineteenth century 
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ORBIT OF BROS. 


Diagram of the orbits of the Earth, Mars, and Eros ; the last 
named is a minor planet whose path comes within 15 million 
miles of the Karth’s. Its near approaches, of which the next 
happens in 1051, are used for finding more accurately the Sun’s 
distance. 

for concluding them to be hot. The spaces 
between their orbits are much greater than 
those of the inner planets ; thus Jupiter is five 
times our distance from the Sun, while the 
other three are respectively two, four, and six 
times Jupiter’s distance. This wide spacing is 
necessary for the stability of their orbits ; 
serious disturbances of their motion would 
arise if they were nearer each, other. 

Rapid rotation also characterises the giant 
planets. The three first are known to rotate 
in about ten hours ; as a consequence their 
equators bulge out to a notable extent ; thus 
Jupiter’s equatorial diameter exceeds the Polar 
one by 6,000 miles. Owing to distance the 
bulge cannot be clearly seen in the case of 
Neptune, but its effect is shown in the motion 
of Neptune’s satellite. The tendency of clouds 
to lie in belts parallel to the equator is plainly 
seen in Jupiter and Saturn, and suspected in 
the other two. It is a result of the rapid spin 
and of the extensive atmospheres. Matter 
coming up from a lower level would have a 
slower speed (having a smaller circle to des- 
cribe), and so would be left behind. 

These planets have all families of satellites 
going round them. At present nine are known 


of Venus is comparable with our own in 
extent. 

The outer group of planets consists of much 
larger bodies, which appear to In* still in a heated 
state; their surfaces are probably molten, but 
surrounded by very thick layers of clouds 
and vapours, which is all that we are able to 
study. Jupiter outweighs the Earth 318 times, 
Saturn 95 times, Uranus and Neptune 15 and 
17 times. The huge orb of Jupiter weighs 
nearly times as much as all the other planets 
.put together ; yet it would take more than 
1,000 Jupiters to balance the Sun. The giant 
planets exceed the Earth in bulk still more than 
they do in mass, but their materials are much 
less tightly packed, which is one of the reasons 



COMPARATIVE SIZES OF JUPITER AND THE EARTH. 
Jupiter exceeds the Earth 11 times in diameter, 120 times in 
surface, and 1300 times in bulk. But its materials being less 
tightly packed, probably owing to heat, it outweighs the Earth 
only 300 times. The oval patch on Jupiter is the “Red Spot.” 
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ior Jupiter, nine toi Saturn (a Until, llkmis, .as announced, but is not coniplctdv vonhivb c 

tboasand, o* x . „ m.nmV*" ™ l.K*^ h. ^ 



MAKS IN 10 OM JiV 


It is inverted lhe white' patch iK<nT he ui m k ^ uHil j clc . su,pt '} Akn(lf)11 ^ »• I* ms Like most istionomic il <lr Mint's 
dark bordci is supposed to be wntei lesullini i, „7 ! 1 m ‘ 14 “ Kt \\ 11k Snulh 1>o1 11 L >l»i supposed to consist ol snow Its 

the Sutis Alajoi, the pi unest niaikuiR on the pi met dki'the'pol u cV^'h' 1 "* Uk " lii mai lht ,)otl,ml ol tllL <llbC 

uhilc the li^hlei ic-ions it the bottom ml 1 iht <lnskv lemons ue eoiijcetuied to be \ec?et ition, 

colons it the bottom „„1 left fwhieh ippe u oi iiirc m the telescope) lie piob .bh deserts 


c utv 1 '" |X "" <1,ua,un - b >- " “ » Ov. , a ll.ota.md arc „ow 

S^alttT,,";; Th', 1 ' 5 •“ ' KM,d M> that tl„r, mav be «n* 

’ ' T * u largest, (ms, wasdiscoMrcd by Piaz/ion tin Inst ,la\ ol thi'nmit, mil, century 




DRAWING OF JUPITER. 

“* “ to ' ****■■ rapid motion causes its equator to 
The shadows'of it^four lai^esateStes frequentlv'cross tfe dte^as^laci spots^tone is'sh 01111 !™^ k e * ts P ara ti e * to the equator. 
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brighter than the former. 
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Its diamctei is about 450 miles, a iitth oi that of the Moon, which means that its bulk and mass aie less 
than onc-hundredth ot hers Since the great majority of them aie tai smalki than Ceres, it is doubtful 
whether their united mass would equal that of the Moon, so that even it united they would only form a 
tine planet There is leason to think that the smaller ones aie not sphcnenl in slupc, but angular masses 
oi lock this would account loi the iact that their light is often iound to vary rapidly as they turn and 
piesc nt more or less of their surface to us In the case of large bodies, like the Earth, or even the Moon 
the mutual gravity of then components is fai stronger than the force of cohesion, which holds the 
l’" tides of a solid body together, so that any large departure from a spherical form would be quickly 
com ctcd But in worlds whose diameter is only a few miles, the force of cohesion would be far str o nger 
than gravitation, so that the body would retain whatever irregularity of form it had initially It is also 
of interest to note that the a\is of lotation of such irrcgulai fragments would change fairly rapidly inside 
the body, which is piobably the reason why the changes of light of Eros, the asteroid that approaches 
the Earth most closely, arc so difficult to reduce to rule 



cn \\( is in' \ppari< n i si/iv \nd shark or mkrcury 

fnccTo horn usance! m th '\ ,S 1,1 us ln " *• Weals 1 u«cst Hut ,t then turns its dark 

first as a citseuU tlu i' k , ,,7" Sm , l ‘ U b , ut lu,ns 1 " 1 ' ,K , ,ml moK <)f '»■«!. t side tow, ids us, so that it appears 

descent, then is i lull disc, while when nc lily behind the Sun it would ippe u i full d.se, but small 

Besides considei ing the si/t s of the planets, it is also impoitant to eonsid. r the si/e of the Sun as seen 
rom them This vanes enormously, Mercury seeing a disc seven times as large as the Earth— as the 
teat increases in the same pioportion, this cause alone would render it uninhabitable Mars sees a disc 

/ an a * e S1ZC ^ lcL ^ ^ 0 ’ ^ 1( ^ lin dir Mars allows the Sun’s heal to icach the surface some- 
w a more readily than with us, but it also permits it to escape freely, so that terrible frosts must pre- 
vail at night The giant planets receive a very small amount of light and heat Jupiter one-twenty-fifth, 
a urn one un re th, Uranus onc-four-hundredth, Neptune onc-nine-hundrcdth In each case the 
comparison is with the amount received on Earth But we may well imagine that if these planets are 

anrl'd C n SUP r‘ U1 * uturc ’ thc y W1 ^ draw their supplies of heat from their own interiors 
and depend on the Sun for light alone 

™ h LI h + ° le fam !l y ° f VV ° rldS ' largC and sma11 ’ that wu haw described, travel round the Sun in the 
same direction, and in nearly the same plane or level, though there are a few exceptions to this last 
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point among the small planets, which may plausibly be ascribed to the perturbing action of their 
giant neighbour Jupiter. The facts indicate with moral certainty that the formation of the 
planets was not a series of isolated actions, but a single mighty process ; we cannot hope to attain 
certainty in our answers to such problems, but it is a natural tendency of the human mind to 
attempt their solution. The earliest attempt that need be mentioned was that of Laplace, who 
conjectured that the whole Solar System had once been an immense sphere of exceedingly 
attenuated gas, in slow rotation. It gradually condensed under its own attraction, a result of 
which was to make it rotate more rapidly. At length a stage was reached at which the equatorial 
ring was thrown off, which subsequently condensed into the outer planet : successive repetitions 
of the process accounted for all the planets, while finally the central gaseous mass condensed into 
the Sun. Dr. Jeans has shown that a process like this appears to be taking place in some of the 
gaseous nebulae, but that the planets of our System can never have been mere masses of gas, their 


CHANGES IN APPARENT SIZE AND SHAPE OF VENUS. 

Venus undergoes changes in size and shape, as seen from the Earth, that are analogous to those of Mercury (see page 71 )) but 
are still more accentuated, since its least distance is smaller and its greatest distance farther. The point at which Venus 
appears brightest is a little nearer to us than the point where it appears as a half-disc. Venus can often be seen in 

daylight at such times, and casts faint shadows at night. 


attractive power being in all cases too small to prevent the gas from dissipating into space- a mass 
approximating to that of the Sun is required for this purpose. It is inferred that the planets 
must have been solid or liquid from the first, and it is conjectured that the near approach of 
another sun raised great tidal waves in the Sun : streams of matter are supposed to have been ejected 
from it ; condensations would form in these streams, which would be the nuclei round which' other 
particles would gradually collect till the planets were built up. To account for the varying sizes of the 
planets the supposition is made that the rapid motion of the particles near the Sun made aggregation 
more difficult, while in the region outside Jupiter the material began to get scarcer, but no quite satis- 
factory explanation of. the immense disparity of the masses of the planets has yet been attained. The 
theory also helps to explain two other features of the system. The Zodiacal Light, shown on page 88 
is an ill-defined beam of light seen in evening or morning not far from the Sun’s place : it almost certainly 
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indicates the presence of clouds of dust travelling 
round the Sun, the remnants of the dense streams 
that have been mentioned The other feature is the 
Comets, which aie believed to be aggregations ot 
meteors, or lumps of iron and other substances, having 
quantities of gas shut up m them When they 
approach the Sun its heat, and perhaps also electrical 
action, cause the gases to stieam out into splendid 
tails that arc sometimes visible They go round the 
Sun in long narrow paths, and are visible to us only 
for the shoit time during which they are near it 
they also aie supposed to be remnants of the gieat 
outburst of mattei from the Sun 

The Fireballs that occasionally cross the sky in 
a brilliant streak of flame are detached fragments 
of comets that after long wanderings at length enter 
the Faith’s atmosphere As they are rushing 
tlnough the an at a speed ot 20 or 30 miles a second, the friction makes them so hot, and expands 

the gas in them so much that they generally explode while still many nnles high sometimes they are 

reduced to powdu, but where the movement is less rapid, occasionally large lumps leach the ground 
It has been objected to this theory that such a ncai appioach of two suns would very seldom 
happen, the distance between them being so immense The answer is that suns with families of 
planets may, toi till we know, be veiy rare we cannot hope foi any me km so of telescopic powei that 
would show us tin 1 planets going lound other suns 

It is perhaps as well to emphasise that these Iheones do not at all imply that our System is a mere 
chance product of blind foiccs To imagine this would be just as umcasonable as it would have been for 
the man in the old anecdote who picked up a watch on the ground to conclude that that wonderful piece 
of mechanism had come together by chance But in those woiks of the Creator that wc can study 
minutely, such as the giowth of an oak tree oi the formation of a coial island, we see that He woiks by 
slow processes of giowth It is therofoie agieeable to analogy to infei that the Solar System was formed 
by such piocesses , moi cover, w( can see similai piocessos actually in progiess at the present day m 
vanous regions ot Ur heavens 
The seven planets ot tin* 
ancients, which have been 
known fioin prelustoiic times, 
included the Sun and Moon, 

Mars, Merciuy, Jupitci, Venus, 

Saturn, and ga\e their names 
in this order to the days ot the 
week, as we still set* in tin* 

French names tor these days 
The English names are taken 
from Saxon deities, Tiw, Odin, 

Thoi, and Fnga , the othei 
three days can be immediately 
identified The discovery ot 
Meicury is particularly credit- 
able to the old observers , for 
even when we know where to 
look, it is always Seen low down 



DRAWING AN El^IPSE 

An ellipse ib a foi esliorteneel circle It can be diawn In putting two puis in 
paper, passing a loop of string over them, and passing a pencil lound, keeping the 
string tight The two pms are the foci The Situ is m one locus of the planetary 

orbits 



DAW OF 1 Ql U, ARK AS 

Kcplci’b second law states that planets ant l comets 
sweep out equal mens in a da> at all parts of then 
mbits They have thucloie to move moie qmekh 
when uc.ii the Sun 
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i , aw oi i oi vr, \R] 

Kcpla's second 1 m st iUs tli« it pi me Is mil comets 
sweep out equ il iu is m t <\ l ^ L t ill p uls ,,t then 
oibits llity h iu thciclnH to move mou quicklv 
ulun m n tin Sim 


£ 

\ indicates the presence oi clouds of dust travelling 

/ JjffiT ,oun<1 tlu San the ltmnants oi the dense stieains 

/ AA' N \ that have bun mentioned The othei feature is the 

/S' \ Comets, which aic be'heved to be aggregations ot 

|§ik . \r nK u ' 01 s - 01 lumps ot iron and other substances, hav me 

E 5g quantities ot gas shut up in them When thev 

WF 7* approach the Sun its heat, and peihaps also elcctnc.il 

/ action cause the gases to stream out into splendid 

\ y tails that tire some'times visible They go round the 

Slln ln long nairow paths, and arc visible to us only 

l° r Ck shoit time during which they are near it 

i,a\\ oi i <ji vi, \m vs they also au supposed to be icmnants of the guut 

Kcpiei’s second l m st des tiiai pimcis m, < comets outburst oi mattei from the Sun 

s T »t, ::::: is: /{•;■ ‘■' M cro K «» ,e, 

ulun in n tin sun d brilliant streak ot flame aie detached fragments 

oi eomets that aftei long wandenngs at length enter 
llle faith’s atmosphere As they aie rushing 
thiough the an at a speed ot 20 oi M) miles a second, the lriction makes them so hot, and expands 
the g is in them so much that tlu > geneiall} explode wink still many miles high sometimes tlicv aie 
i educe el to, .muk, hut wluie tlu movenu nt is less rapid occasionally Luge lumps reach the giound 
It has bun obpetid to (his theoiy that sad, a ma, ipp.oa.h of two suns would verj, seldom 
happin, the (hstanei bitwun them hung so iinnuns, 1 Iu answu is that suns with families ot 
plaints maj,, toi all wi know, lie \uj i.ue we t.mnol liopi toi an\ imuasi ol telescopic pow u that 
would show us tlu plaints going iournl othei suns 

It is perhaps as wi II to e m, .basis, that the si them its do not at all unpl\ that our System is a nn le 
chance product of blind louis lo imagine this would be just as umeasonable as it would have been tor 
the man in the olel am e dole who pit ke d up a watch on tlu gie.uncl to conclude that that wonduful piece 
of mechanism had tome te.gelhu by thanti But in those woiks ot the Creatoi that we can study 
minute h, such as tin gimvlh ol an oak tie e- e.i the loimatie.n of a e oial island, we se'e that He woiks by 
slow processes e.t glow lli II is flunk, le agreeable to analogv te> mfe 1 that the Soku System was foimed 
by such pie.ee sses , moieene i, we t m see similar piocesses act uallv in ,nogiess at the present dav in 
vai lous regions ol the heawns 
The sew on planets ol tlu 


ancitnts, which haw been 
known hom piohistoiic turns 
included the Sun .end Moon 
Mars Mercury (upitei Venus, 
Saturn and ga\c then nanus 
in this ordei to tlu da\s oi the 
week, as w^e still s(e m tlu 
French names toi these cla^s 
The English names au taken 
from Saxon deities, Tiw 0dm, 
Thor, and Enga, the otlui 
three da\s can be immediate 1\ 
identified The discoveiy ot 
Mercury is particulaily credit- 
able to the old obser\ ers , toi 
even when we know where to 
look, it is always seen low down 
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All ellipse IS I iuicshoi Unu.1 culIc It can be diawn 
pipci, pissing t i 00 p ot string ovu them, and passing a 
s tnng light Ihc two pms aic the foci The Sun is m 

orbits 


1>\ putting two pins m 
pLnul lound, Lcepim? the 
one locus of the pi metary 
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o/thc Earner 111 *!*“’ itS m ° tion b ° in § morc ra P id than theirs. But the ancients looked 

itself HreS immovable and were driven to the view that the planets circled round a point which 
■ If circled round the Earth. Other complexities were added to explain irregular movements— 

“ Centric and eccentric scribbled o’er, 

Cycle and epicycle, orb in orb.” 

Much of this complexity was removed by the suggestion of Copernicus that the Sun, not the Earth 
is the centre of the revolutions. A further step in advance was made by Kepler, who carefully studied 
the splendid series of observations made by Tycho Brahe, and announced the three laws of planetary 
motion. The first law stated that the planets move in ellipses, not in circles. Page S3 shows how an 
r ipse m f, y be draw ” b y ruttmg a loop of string over two pins fixed in paper, and passing a pencil round, 
Uepmg the loop tight. Ihe two pins occupy the “ foci,” and the Sun is in one of the foci of the orbits. 
ie ellipses m the case of the planets differ very little from circles, but in the case of the comets they are 



fr ° n ! the picture tl,at lhc two arc almost exactly of the same size, me 

miles less > a tnllm S amount compared with 8,000. Venus is the only world resembling the Earth 
Unfortunately it is a difficult planet to study, and we know little about it. 


The diameter of Venus is some 
in size that we know of. 


much more elongated. The second lav/ gives the means of fixing the position of a planet in its orbit at 
anytime. If we make a diagram of the path, as on page S3, marking its positions at daily intervals, 
then joining all these positions to the Sun, the triangles thus formed will all contain the same number of 
square miles or square inches on the diagram. This means that the nearer the planet goes to the Sun the 
quicker it moves, this extra speed being produced by the Sun’s attraction. There Is an easy way of 
lepresenting the motion, which is very nearly exact. From the empty focus draw a set of lines all 
separated from each other by 10°, or some other selected angle ; then the planet will be at the points 
marked by these lines at equal intervals of time, one-thirty-sixth of the whole period in the case given, 
i.e., the angular motion about the empty focus is uniform. The third law was the one that gave Kepler 
the most trouble, but also the most satisfaction. It enabled him to find how long any planet would take 
to go round the Sun, being given its distance, (this is to be taken as the average distance, midway 
-between the greatest and the least.) The unit in which the distance is to be measured is the Earth’s 
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m the twilight , but it was very assiduously observed, and Fathers Epping and Strassmaier found 
it mentioned more often than any other planet in the Babylonian tablets, under the name of Guttu 
or Gud ud The early observers found the planetary motions very puzzling, for they were working 
on the false view that the Earth was the centre of the system The character of the appaient motion 
has been expressed accurately by Milton in the lines — 

“ Their wandering course, now high, now low, then hid, 

Progressive, retrograde, and standing still ” 

Mercury and Venus were noted to swing, in pendulum fashion, from one side of the Sun to the other, 
being alternately morning and evening stars , the other three planets moved in a forward direction 



APPARENT DAIEY PATHS OF THE SUN 

This picture shows that in summer the Sun rises in north-east, sets m north west, and is high up at noon In March and 
September it rises due east, sets due west, its noon height being moderate In winter it uses south east, sets south west, 
and is low even at noon It is above the hori/on for 10 hours m summer, 12 at the equmoves, S in wmtei 


(that is, m the same direction as the motion of the Moon among the stars) for the greater part of the time, 
but it was noted that whenever they approached the position m which they were opposite to the Sun 
their forward motion slackened, then stopped, and for some veeks they retraced then steps, finally 
stopping again, and then resuming their forward march 

The apparent paths of Mars and Neptune are shown on pages 89 and 90 Since Mars moves nearly as 
quickly as the Earth, it appears to move backwards for a short time only , on the other hand, Neptune, 
whose speed is only one-fifth of ours, moves backward for nearly six months, and its backward track 
is more than half as long as its forward one But we must remember that the backward movement is 
only apparent, and that each planet really moves forward continually the seeming backward motion 
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average distance from the Sun ; we multiply this by its square root, and we have the time in years that 
the planet takes to go round the Sun. Thus, if the distance were nine times that of the Farth the 
square root of nine is three, and 3 times 9 is 27, so the planet would go round in 27 years ; this is nearly 
the case with Saturn. So if the distance were a quarter of the Earth’s, the square root is one-half, the 
product is one-eighth : the planet would go round in one-eighth year, or 6-1 weeks. 

. * act of _ the Earth going round the Sun is brought home to us by the changing seasons. The Earth 

spins on an axis that is not quite upright to the level in which it goes round the Sun : in summer the 

northern end of the axis is 



towards the bun 


the region* 


near the North Pole then have 
daylight for the whole 24 hours 
(see- Frontispiece, Midnight 
Sun). In our latitudes the Sun 
is visible for 16 hours of the 24 
in summer, and rises very high 
in the sky ; in winter it is 
visible for only eight hours, 
and remains low down. These 
changing tracks are shown on 
page 84. Mars, Saturn, and 
Neptune have their axes bent 
to about the same slope as ours, 
so have similar seasons; 
Uranus has a much higher 
slope, and very extreme sea- 
sons ; Jupiter and the Moon 
have axes almost upright, and 
practically no seasons. We do 
not know how the axes of 
Venus and Mercury are placed. 

One result of the Earth not 
being in the centre of the 
planets' motion is that the 
distance from Earth to planet 
undergoes large changes. Venus, 
when nearest the Earth, ap- 
pears very large, but a very 
thin crescent ; as she recedes 
the disc gets smaller but more 
of it is lit up. On the whole it 
looks brightest when it is about 
half lit up ; when furthest from 
the Earth it shows a fully-lit 
disc, but very small from its 

He " °” kn ”! ed S e » f the heavenl y movements Sir Isaac Newton. 

ST™ it and SS S fr V «? ? re>t Central a,trlC ‘ i ” g for “ in ‘ le Sun, which pnlls all the 
planets to it, and pretents them from flying away in straight lines, which is the natural tendency of 

moving bodies unless some force acts upon them. He also proved that the force gets mrtdlv weS2 Z 

we go farther away from the attracting body. At twice the distance the force is one- q irter af 'hr“ 


Front) 

. L‘ L* Astronomies* 

THE ZODIACAR EIGHT, VENUS, AND THE COMET OF JANUARY, 1910. 

This beautiful picture was drawn by M. Ch. Sermasi, in Egypt. It shows’ Venus 

^TTr *^1 alS ° th f. COmet 0f Januar y> 191 °. with a curiously bent 
tail. The Zodiacal Right is the faint triangular patch of light. It is much better 
seen in the Tropics than m England. It is supposed to consist of clouds of fine 
dust travelling round the Sun : perhaps remnants of the dense streams of dust 
from which the planets are conjectured to have been built. 




times the distance one-mnth, and so on This law of diminution is common to all actions, such as light 
and heat, that radiate outwards from a centre But Newton further showed that the mysterious force 
of attraction is present in all matter, and is the \ery same force that makes any object that we throw 
into the air come back to Earth This force also keeps the Moon circling round the Earth The fact that 
the force is unrversal adds immensely to the labouib of astionomers, for not only docs the Sun pull the 
planets but these all pull each other and make small changes in then paths round the Sun Some of these 
changes go on always m the same direction, others swing to and fro, like a pendulum The two points 
that are of most importance for the well-being of inhabitants, that is, the distance from the Sun, and the 
eccentricity or amount by which the Sun is out of the middle of the path, are not subject to large 
changes, so that if a planet is adapted for the support of inhabitants it will continue in that state for 
countless ages the action of the other planets may slightly modify the conditions, but will not alter 
them to a destructive degree One very important action of this kind is tidal action The Sun and Moon 
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PATH OF MARS AMONG THE STARS IN 1907 

This diagiain shows the nature of the movement of an outer planet among the stars about the time of its “ Opposition,” or 
near approach to the Earth Mars moves forward from the Scorpion to the Archer up till mid June , then it halts, and moves 
back till the end of August, when it again halts, and then resumes its forward march , it is nearest to the Earth midway 

between the two halts 


pull all portions of the Earth towards them, but they pull most strongly those portions that are 
nearest to them The result is a certain distortion of the Earth’s surface , this takes place even in 
the solid ground but the mobile water of the oceans yields more readily, and so shows more tidal 
motion These tides act to a very small degree as a brake on the Earth's rotation, which is becoming 
slightly slower , as a result the Moon is veiy slowly increasing its distance from the Earth If the 
action were continued long enough, the Earth would at last always turn the same face to the Moon, 
as the Moon now does to the Earth This is doubtless the effect of the great tides that the Earth once 
Taised m the Moon 

The Moon at times comes between the Earth and the Sun, and eclipses all or part of the 
Sun’s light When all is cut off the eclipse is said to be total the view of totality is, however. 



ZZ 1061 



NEPTUNE'S PATH AMONG THE STARS, 

sVjUiine ha? the slowest movement <<l anv planet : as a e< inseqtic-nee each backward movement is more than hall as long as a forward movement. The X on the bottom ot each 



Splendour of the Heavens. 


91 


limited to a narrow tract of country, say 100 miles or less in width, but thousands of miles 
long These eclipses bring vividly before us the absence of air on the Moon , if any were present 
it would refract or bend the sunlight, so that the eclipse would not appear total These eclipses are 
of great value for studying the outer appendages of the Sun, notably the corona, a most beautiful / 
halo of pearly light, which sometimes extends to upwards of a million miles from the Sun, but is I 
wholly invisible except during totality Its extreme tenuity is shown by the fact that some comets > 
have moved through millions of miles of corona at a speed of 300 miles per second, without the 
smallest perceptible loss of speed The corona may consist of streams of ions, or infinitesimal portions 
of matter, driven oh from the Sun into space, and sometimes reaching the Earth When they do so 
they produce magnetic storms and cause displays of aurora, or “ Northern Lights ” , this beautiful 
phenomenon is chiefly visible in the Polar regions, but comes much farther south at the time of 



DISTANCES OF SAITOH RS FROM PLANETS 

% lhe Satellite distances are hcie shown on a uniform scale, except the vu v distant Satellites of Jupiter and Saturn, which aic 
shown on the upper m$et on ^th of the sc ale of mam diagram Phobos is at if Ills of Deimos’s distance from Mars , it is shown 
on lower inset on twenty times the scale of main diagram The dimensions of the globes of the huge planets and of Saturn’s 

ling are shown 

magnetic storms It is supposed to be caused by certain rare gases, very high up in our atmosphere, 
which are made to glow by the discharge from the Sun Magnetic needles, such as compasses, are 
violently agitated during magnetic storms 

Total eclipses of the Sun are common on the Earth as a whole, occurring every year or two, blit they 
are rare at particular places There have been none m England for two centuries, but there will be one 
in the northern counties on June 29, 1927 All who can should take advantage of the opportunity/ 
as there will be no other totality in England till 1999 
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There are many records of total eclipses in ancient history. They have served both to fix certain 
dates and to show that the Moon appears to move faster century by centuiy . p<nt of the seemim^ 
acceleration is really due to the Earth rotating more slowly, thus giving the Moon inoie time to move 
in a day, or a given number of days. 

Eclipses of the Moon are more often visible at a given place than those of the Sun : they are due to 
the Moon entering the shadow of the Earth, and so ceasing to reflect direct sunlight . If the Earth had 
no atmosphere, the Moon would lose all light at such times, but the atmosphere has the power of bending: 
light (just as a stick appears bent when inserted in water). Some of this bent light falls on the Moon, 
but it is reddened by passing through the thick layers of our air, just as the setting Sun looks red ; time 
eclipsed Moon has generally a deep coppery hue, hut some eclipses are darker than others, according to 
the degree of cloudiness of our air ; the unusually dark eclipse of October 1884 was ascribed to the a.ir 
being charged with dust from the great eruption of Krakatoa in 1883. 
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JUPITER’S PATH AMONG THE STARS. 

Jupiter, like Mars, seems to move backwards among the stars when nearest to the Earth. It halted on February 25, and 
then went forward. Between June and August it was too near the Sun to be seen. It halted again on December X. Jupiter* 

advances about one constellation a year. 


The, moons of other planets also undergo eclipses in the shadows of their primaries. Eclipses of 
Jupiter’s moons are frequent, and easy to observe with a small telescope. It was by means of them that 
it was first proved that light does not travel instantaneously, as the eclipses were seen earlier than was 
expected when Jupiter was nearest to the Earth, and later than expected when it was farthest away 
The deduced time for light to come from the Sun to the Earth was 8* minutes : it takes four hours from 
the farthest planet Neptune, but four years from the nearest fixed star. The wireless messages that are 
travel Wlth tlie sa - me s P eed as Kght, and go from France to Australia in one-twentieth of 


^ °i v 6 Sam \ nature as a Solar e dipse is the crossing of the disc of the Sun by the 

planets Mercury and Venus, which are the only two that are nearer to the Sun than we are. Those of 




THE EARTH AND MOON IN SPACE 



r 



PATHS OF THE SHADE PEANUTS BETWEEN MARS AND JUPITER. 

Over a thousand °f these tiny worlds are known, and there are doubtless thousands more. 'a few like Eros im idc 

he pa E of Mars, whde others cross the path of Jupiter. Their paths are, in many cases, more oval ami kuc- ii UM h , h ! 
of he larger planets. They are also more highly inclined ; the path of Pallas makes an kngle of more than thirt^ wiU, 
that of the large planets, these peculiant.es in the asteroid paths may be due to the great disturbances produc'd liy j u ,,itcr. 
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Mcrcuiy take place on tin avciage at si \ in-year intervals., the next one bcingm May 1924 (The end of 
it is visible m England ) It is well to impress on the reader that m obsemng anything on the Sun tlu 
e ye must be carefully pi ote ctecl, e it her by a dark glass purchased at an optician's, or by a ck eply smoke d 
glass Using such a semn, Venus can hi sun on the Sun without a telescope, hut Mercuiyis too small 
to sec -without magnification Unfortunately, no pie sent leader of tin si words can hope to sec a 
tiansit of Venus, as the next will not occiu till the yeai 2004 As tlmtec n u a olutioiis of Ve nus an 
voi> T nearly the' sam< length as eight of the Edith, pans of tiansit s geneially occur eight yi ars apai t, 
as m 1<S74 and 1X82, and again m 2004 and 20L2 

liansits of Venus aflouled the hrst method of obtaining the Suns distance from the Earth 
It was necessary to senel 

obseners to a numlxi of Mars 

stations, widely scatlend — 

o\ei the 1 Earth s sin face, who 
should each note the exact 
tunes at winch Venus e nte icd 


fully on the Sun and hi gun to 
have it One obseivei nught 
see the entiy as much us 25 
minutes carliei than another 



Farth 


who was thousands of miles 
away It is tins diflercncc of 
tune that enables us to deduce 
the distance oi Venus fiom 



the Edith Ever since the 
time of Kepler the propor- 
tionate sizes of the planetary 
Dibits have been known so 



that if wo find out the 
distance between any two 
planets it is a matte i of 
simple multiplication to find 
all their distances Now 
Venus, when in transit ove*i 
the Sun, is at her nearest to 


days 

^5 days 

365 days 


the Earth, which is the reason 
why these times were choM n 
as specially favourable foi 
measuring her distance 

The ancient astronomns 
had a fairly accurate know- 
ledge of the Moon's distance 


687 days 

ihi, pa jus or mi, rouR inni«r iu^ankjs 
I he p ithsol Mercury, Viniis, I< irtli uul JM us iu shown, also the turn tint each 
takes to travel round the Sun l lie paths an. ill pi u. tic i11\ Links, but the {Sun 
is consider iblv out of the icntrc oi those nl Muau v md Mais jtfcuiuy, when 
nc ircsl to the Sun, is onlv 7 nl its 1 uthest (list met it leceiv is mole thin twice the 
li^ht uul licit ill the lomici else th in it floes m the 1 ittei 


(about a quarter of a million miles), hut they failed utterly in then attempts to nnasuie the Sun's 
distance Ihey thought that it was 1 ( ) times the distance of tin Moon, 01 41 million miles, an 
estimate that wc now know to be only one -twentieth of its real distance , hut the false estimate held 
the field for 2,000 yeais, and it was not till many \ ears after the invention of the telescope that 
serious efforts weie made to conect the estimate I ho problem is by no mi ans an easy one, and the 
true value was only reached by many steps Halley appeals to have hem the* first to pciceive the 
utility of transits of Venus, at his suggestion elaborate ai range mints woe made foi observing the 
two transits of 1761 and 1769 1 he observations gave 9o million mile s as the Sun’s distance 1 his was 

quite a good approximation, though the value now accepted is mori than two million miles less It is 
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important to note that the distance itself has not changed, for in that ease the year would also have- 
changed in length. 

The transits of 1874 and 1882 still left considerable uncertainty, as it was found to be unexpectedly’' 
difficult to fix the instant when Venus just touched the edge of the Sun. Venus is surrounded by an 
extensive atmosphere, which bends the Sun’s light, and causes a bright ring to be seen round the part 
of the planet that has not yet entered. Owing to this ring there is no moment at which the two edge re- 
appear to be in contact. 

Fortunately, the discovery of the little planet Eros, which approaches the Earth within 15 million, 
miles, affords a much better method than transits of Venus for finding the Sun’s distance ; it made ; t 
fairly close approach to the Earth in 1900, and will make a still closer one in 1931. The value now 
accepted for the Sun’s distance (i.e., the average between the greatest and the least distances) i»- 
92,900,000 miles. This is unlikely to be changed in the future by much more than 100,000 miles, or 



MOON’S SHADOW ON THE EARTH IN A TOTAE ECIJPSE OF THE SUN. 

tliat ar + t 110t ® df ; lun ?f nous throw long tapering shadows. When that of the Moon falls on the Earth, 
e en two \ eais or thereabouts, it traverses a long narrow tract of country, or sea. All people inside this track 
see the Sun entirely covered, and are able to observe the corona.' 


°ne-thous andt h of the whole distance. The reason that such pains are taken to improve our knowledge? 
o e istance is that it is the astronomer’s “ Yard Measure,” to which all other distances are referred . 

may be taken as certain that transits of Venus 'null not be used again for this purpose, though they 
will doubtless always be observed for the solution of other problems. 

Though the planets all go round the Sun in the same direction, this is not true of their- 
™ f °“ T ' the tW ° ° Uter P lanets SP“ round their axes in the reverse direction to tin* 
nartirlpc^a 1 t ^ TV that if the theories of planetary development from streams of 

Sun than fh 7' 7 P ar * :ic ‘' s 011 their inner sides would be moving more quickly round tin* 

lectured thataVfh 7 V ° Uld make the P lanet s P in backwards. Hence it is con- 

]ectured that all the planets originally rotated backwards. If a gyroscope is set spinning, and 




A TOTAt OF THE SUN SEEN FROM EGYPT 


In a total eclipse of the Sun the light quickly changes fiom dav light to a deep gloom almost like night The Moon, whose 
daik side is towaids us, appears of an intense black , round it the corona is seen as a beautiful pearh radiance Bright jets 
of red flame (the piommences) are often seen Mans stais also become visible 
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then can ied round in a cncle m the opposite 
cluection to its spin, after the axis which supports 
it has been clamped, it is found that it tm ns 
o\ ei, so as to make the two motions in the same 
direction It is supposed that the tidal action of 
the Sun has in this mannei tinned the planets 
ovei, with the exception of the two outci ones, 
for which the tidal action isui^ wxak Uianns 
has, how ca or, turned ne ai 1\ half mei, so that its 
axis is almost in the plant of its orbit, while Nep- 
tune has haully turned o\ cr at <ill flic nutu most 
satellites ot Jupiter and Saturn go lound these 
planets in the backwards dnection , some ha\e 
thereioie conjectuied that they date back to 
the early days when those planets lotated hack- 
wards But it may also me an that these satellites 
aie later additions to Jupilei’s family through 
captuie ( aptiue ot one body by another is not 
such a simple mattei as is sometimes imagined 
In fact, it cannot take place* without the aid of 
a usisting medium— that is, an extensive legion 



ORBITS OF THK B'ARTH AND A SUPERIOR PI y ANF/l 

All the planets outside the luutharc best placed fin obicrva- 
tion when m ‘Opposition*’ or exactly opposite the Sim 
Thev are said to be in “ (Jmulralurc ’’when their direction is at 
n^ht angles to that of the Sun W ; hen in or ntar conjunction 
they cannot he seen 



ORBITS OF TUh FART H AND AN INl’FRIOR 
1’IyANBT 

This pi et tue applies to the planets Mu cut v and \ onus They 
«irc neaicst to the Faith when m a hue between it and the 
Sun , the\ thin turn their claik side to us, and ire invisible 
except when the\ pass across the f ice ot the Sun They are 
best seen when m Floatation Fast (evening) or West 
(monimg) 

Jound the* laigcr body Idled with gas or scattered 
dust which retards the motion of the other body 
and thus brings it under the control of the large 
one There is certainly no medium of the 
requisite density nowadays in anv part of the 
Solar System , hut if the planet esmial hypothesis 
is tiue, there must have been abundance of it 
m the early days of the system, and it 
probably required along time for it to be wholly 
absoibed m other bodies We note that the 
asteroids approach close to Jupiter’s orbit, and 
many of them aie as largo as these outer satel- 
lite s, which aie not moio than 100 miles in 
diameter The suggestion that the satellites are 
captured asteroids is therefore reasonable It 
should be noted that thin rotrogiadc motion 
lound Jupitei does not mean that their motion 
round the Sun before capture was letrograde 
The speed of their motion round Jupiter is much 
less than Jupiter's speed round the Sun, so 
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then carried round m a ciicle in the opposite 
direction to its spin, after the axis 'which supports 
it has been clamptd, it is found that it turns 
over, so as to make the tv\o motions in the same 
dire etion It is supposed that the tidal action of 
the Sun has in this mannei turned the planets 
o\ei, with the exception of the two outei ones 
for which the tidal action is \ eiy weak Uranus 
has, howexer, turned nearly halt our, so that its 
axis is almost m the plane ot its 01 hit, while Nep- 
tune has haidly turned out at all Theoutei most 
satellites of Jupiter anel Saturn go louncl these 
planets m the backwards duection , some h axe 
thtietore conjectured that thij date back to 
the eailv days when those planets intatecl back- 
w aids But it may also me an that these sate Hites 
are later additions to Jupitei’s lamb's thiough 
captuie rapture ol one body b} 7 anothei is not 
such a simple matter as is sometimes imagined 
In fact, it cannot take place without the aid oi 
a resisting medium— that is, an ( xtensn e icgion 


■■ )i'Mf )M 1 ION 

♦ 

!■■[ O'AtUPr ! A i 

f 1 ‘ 1 QUAlX 

• — 4 

W! 1 ™ 

> 

i 

/ ' . | 

'Si 

\ 

! \ ; 

/ 

/ 

\. 

‘V 


\. 


4 

► 

i:ONjui 

% 'ON 


OMI1S OF THi: EARTH AND A SI PFRIOR J^ANPl 

All the planets outside the J,\ith,ire best placed foi ol)-,( na- 
tion when m “Opposition” or e\aetlv opposite, the Sun 
They are said to be in “ Quadrature ” when thur dn eetion is at 
light angles to th it of the Sun W hen m 01 neai conjunction 
the}' cannot be seen 



ORBI 1 S OF TUP', KAR'l II AND AN INFERIOR 
PlyANh'T 

This pictuic applies to the planets Mcicurv and \ eiius The v 
«ue neaiest to the Faith when m a line 1 between it and the 
vSmi , thc^s thtn turn thur daih side to us, uid are invisible 
except when the \ pass ucuoss the f ice of the Sun Ihev are 
liest seen when in Jvl<mg.itiou Hast (evening) or W'est 
(morning) 

louncl tlu larger body filled with gas or scattcied 
dust winch retards the motion of the other body 
and thus brings it under the control of the laige 
one There is certainly no medium of the 
lequisitc density nowadays in any part of the 
Solai System , but if the planetesimal hypothesis 
is true, there must have been abundance of it 
in the eaily clays of the system, and it 
piobably lecpured along time font to be wholly 
absorbed m other bodies Wc note that the 
asteroids approach close to Jupitei’s orbit, and 
many of them are as large as those outer satel- 
lites, which aie not moio than 100 miles in 
diameter I he suggestion that the satellites are 
captured asteiouls is therefore reasonable It 
should be noted that then retrograde motion 
round Jupiteu does not mean that their motion 
round the Sun before capture was letrograde 
The speed of their motion round Jupiter is much 
less than Jupiter’s speed round the Sun, so 
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that if they escaped fiom Jupitei they would go round the Sun forward, not backward It has, 
m fact, been shown mathematically that it is easier for bodies to be captured as retrograde satellites 
than as direct ones 

The origin of the large inner satellites of the giant planets is not likely to have been by capture 
Both their sizes and their paths are related to each other m a manner that makes it likely that they 
are true members of a common family, not mere vagrants swept m from outside 

Reference should be made here to the illustration on page 3 of the conjectured birth of the Moon 
The theory there illustrated was worked out by Sir George Darwin He supposed the Earth to have 
rotated originally m four or five hours, and that tides raised by the Sun caused it to become first egg- 
shaped, then pear-shaped, and finally to break into two very unequal parts, the smaller of which 

became the Moon , each 
body would cause tides on 
the, other Those by the 
Earth on the Moon slowed 
down its spin till it per- 
petually turned one face 
to the Earth, as it still 
does to-day The tides on 
the Earth are supposed to 
haxe lengthened its day 
from five hours to 24, with 
a coirespondmg increase m 
the Moons distance The 
process is still going on, 
though very slowly 

SirG Darwin examined 
whethei the same theory 
would account for other 
satellites but the answer 
seems to be in the negative 
All the other satellites are 
very much more insigni- 
ficant m size, compared 
with their primaries, than 
the Moon is compared 
with the Earth , also the 
tidal action of the Sun 
on the exterior planets is 
hardly strong enough to 
ha^e caused a disruption 
While wc know nothing 
for certain m the mattei, we may conjecture that when the giant planets were still dust-clouds, small 
subordinate nuclei arose in them, m addition to the mam central one 

A study of the planes or levels m which the satellites travel round then primaries is instructive 
All satellites that are very close to their primaries travel m the plane of the planet’s equator, or very 
close to it This is the case with the two tiny satellites of Mars, with the five inner satellites of Jupiter, 
and the seven inner ones of Saturn The foui satellites of Uranus all move in the plane of its equator ’ 
this is known to be the case, for otherwise the equatorial bulge of the planet would cause their planes 
to shift, a process that is actually going on in the case of Neptune’s satellite and that enables us to say 
approximately how Neptune’s equator is situated Our Moon and the two outer satellites of Saturn 






[By Max Kae bet 


THE) AURORA BOREALIS 

It has been seen (page 27) that the Sun at times sends out streams of electrified particles* When these reach the Earth they 
cause a magnetic storm, and also cause displays of Aurora Boiealis, which are clue to the glowing of certain rare gases very 
high up m the atmosphere They often assume very beautiful shapes, and change rapidly ' n appearance 1 hey are commonest 
m high latitudes, but m intense magnetic storms they are seen much farther south q here is an 11 year period in auioroc, 

corresponding to that in sunspots 
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move in neatly the same plane as that in which the pnmaiy goes round the Sun On the nti , h , 
the four outer satellites of Jupiter, which are all very tiny bodies about 100 mw , ’ 

m planes that ate highly inclined both to Jupiter’s equator and to hi Tin hi! T ! f ^ 

in favour of their being captured bodies ^ 1 b * ' U * tl fuxthcr “goment 

I have said that the Moon's case is unique I am following Sir G Daiwin in thrv. i,„ f T n 
account that there is the possibility of a second example befng presen Un Z Sdar slim t? ^ T 
matter is extremely speculative The sueeestion m that m 8 1 c bo ar System, though the 

? : rr 

dependency to two people Mr George fra, ig, of Glasgow, and Dr HarCd Jeffry ThetS^ 




Q , . , , PHASES OF SATURN’S RINC, 

At the eciuiuovhs of Saturn the ling is turner l edgewise. 


ie idea after consideration, hut his grounds for doing so do not seem to me to he quite convincing 
lie it is impossible that the idea should ever become moie than a wild guess, it docs seem to explain 
a good many points that are otherwise puzzling In the first place Venus and the Earth are so alike 
n size, and such near neighbours, that we should expect them to begin their career with something 

tomrWi Sam ! ™ tatlonal s P eed But lf sokr tldes tc ndod to produce disruption on the Earth, they 
wouW do so still more on Venus, since there they would be two and a half times as strong There would 

Is heavy as Sf En ^ “ a off ’ and 111 f dCt We fand that 1S thieo times 

which in oriri f TlL P retience of thls f? rca t satellite would of course raise high tides on Venus 

, n addition to the strong solar ones, would rapidly check its lotation Now the latest results of 
the spectroscope applied to Venus suggest that its time of spin is not less than a fortnight Mercury 
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would have its rotation checked still more rapidly and the reaction of its tides on A < mis would cause 
it to recede from it much quicker than the Moon did from the Earth Nov then would be 
a limit of recession, beyond which the satellite would cease to be subject to its pnrnaiv, and 
might become an independent planet This limit would be reached soonci with Vums than wit li 
the Earth, owing to its greater nearness to the Sun Supposing that Meicury “ escaped ” win n it 
was at “ New Moon/' its subsequent orbit would be an ellipse, distinctly smallei than tin mbit of 
Venus To explain how it got into its present orbit it is necessary to imagine a consul* 1 a bit* amount 
of resisting medium, which w r ould act more effectively on Mercury than om Venus, since* tin iorim 1 
has less than one-twentieth as much matter in it as the latter, and also has its mateiials less 

tightly packed As the Zodi- 
acal Light extends beyond the 
orbit of Venus, it is t vident 
that c\cn to-day then* is a 
mcasui able amount of nsistmg 
medium piesent , it is quite 
probable that this was dense x 
in the Cculj da^s of tin Soldi 
System 

Two otliei c onsideiations 
may be mentioned which tend 
to suppoit the above' suggestion 
concerning Menury's ongin , 
first, almost all obsmeis me 
now agreed that Meitui\ al- 
ways turns the* same* fac e to tin 
Sun, its time of i citation being 
88 days, the* same* as its year 
Undoubtedly the tides nosed by 
the Sun on Mercury have played 
a part in bringing this about 
but it would be* a help to sup- 
pose that the lotation had hist 
been slowed down by t lu at t mu 
of Venus, secondly as we shall 
see below, the albedoes, or 
degrees of whiteness, of the 
Moon and Mercury aie neaily 
the same, so that they may 
well have lud a similar history 
The word “albedo” is used to express the reflective power of a planet's surface, or the fi action of the 
sunlight falling upon it that it sends back into space It is by no means an easy matter to hnd it ; 
it involves the comparison of both Sun and planet with some standard source of light, such as a < anclle’ 
It is convenient for this purpose to use a diminished image of the Sun, produced by a little* silvered 
bulb Allowance has to be made for the different distances of the planets from the Sun The results 
indicate clearly that the more atmosphere a planet has, the higher its albedo It is high for all the 
giant planets, especially for Jupiter, Saturn, Uranus, Neptune, which reflect about half of the light 
that they receive , the amount for Venus is also one half , that for the Earth is probably somewhat 
less , that for Mars is one-quarter or less , the Moon and Mercury come at the bottom of the scale with 
the gure one-sixth or less An attempt has been made to show the proportions in a pic ture , it can 
only claim to be very rough, and we may observe that the disc of plain paper, suppose cl to represent 



TRANSIT OP MERCURY 

Mercury transits the Sun every seven years (on the average) It is too small to 
be seen on the Sun without a telescope , unlike \ emus it shows no signs of an 
atmosphere when entering the Sun , it is probably a dead world, airless and waterless, 

like the Moon 




[by Arthur 1 wtddle 

SOME REMARKABLE COMETS 

A bright comet with a long tail is one of the most striking spectacles that the Heavens present It cannot as a rule be predicted, 
tor most bnght comets have periods many centuries in length Comets are believed to consist of dense swarms of meteors, 
containing much gas which is driven out and repelled by light-pressure when they approach the Sun Sometimes comets 
nave several tails That of 1744 (middle of picture) had six Donati’s comet of 1858 is shown m the left-hand top comer, 
me oright star beside it being Aicturus Coggia’s of 1874 is below it The appearance of the head of Halley’s in 1835 

shown in bottom right corner 





-‘ ~ ^WsixssKg. a^rxxsrrsrs-ss 

hydrogen is found tc 



Splendour of the Heavens 


107 


perfect whiteness, really reflects only six-tenths of the light that falls upon it Newly-fallen snow is 
the whitest thing we know, but even this has an albedo of only seven-tenths The planets are not 
equally bright all over, but have brighter and darker patches , the average for the whole surface is used 

We cannot see our Earth from outside, but estimates have been made m two ways by measuring 
the faint light which the Earth throws on the Moon when nearly new (the appearance is sometimes 
called The old Moon in the new Moon’s arms ”), and again by studying the intensity of solar radiation 
at various heights in the an , apparatus foi the purpose is sent up m small balloons, which rise to a 
height of some 15 miles 

It is important to note that when there is a high albedo, much of the sunlight and heat is reflected 
away from the upper air, without reaching the surface at all The lower albedo of Mars, due to the 
thm air and small proportion of cloud, means that most of the sunlight that falls on the planet is 
available for warming its surface , hence we can understand the snow melting rapidly in the long 
continuous day at the poles, and the fact that m lower latitudes the temperature appears to rise con- 
siderably above freezing point m the daytime, though there must be very severe frosts at night 



VHNUS ENTERING ON THE SUN 

This pic tiu c shows on a laigt scale the appearance presented at a Tmnsil of Venus While part of the planet is still outside, 
it is seen suirouiided by a bright ling due to sunlight bent by the planet’s atmosphere When the planet has entcied on the 
Sun a daik shading is seen between it mul the Sun’s edge It is veiy difiicult to Ire the instant of true contact 

I he Moon looks so blight at night that it is hard to believe that its reflective power is so low But 
contiast with the blackness of space makes it look bnghtei, and the increased size of the retina of the 
eye at night, described by Dr Steavcnson, also plays a pait When we see the Moon in the daytime 
we notice that it is very decidedly less bright than white clouds , when seen close to a sandstone cliff, 
the brightness of the two has been found to be nearly the same Proctor remarked that if the Moon 
were covered with black velvet it would still appear white at night, though much less brilliant than it 
actually looks 

I conclude this chapter by explaining the law of planetary distances put forward by Titms and 
Bode , it has played a part in history by inciting astronomers to search for a planet between Mars 
and Jupiter, and it is also a help m committing the planetary distances to memory 

Write down the senes of numbers 3, 6, 12, 24, 48, 96, 192, 384 , each number is double the preceding 
one , add 4 to each, and also write 4 before the series , we obtain 4, 7, 10, 16, 28, 52, 100, 196, 388 
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Taking the distance of the Earth as 10, the other numbers represent quite closely the distances of the 
several planets The law was put forward before the asteroids or the two outer planets were known , it 
suggested an obvious gap between the orbits of Mars (16) and Jupiter (62) When Uranus was discovered 
by Sir W Herschel, its distance was found to fit very well with the law, thus strengthening the conviction 
of a missing planet, so that a society of astronomers was formed, who mapped out the sky between 
them, m the endeavour to locate it , Piazzi, who found Ceres, was not actually one of this company, 
but he was no doubt inspired to some extent by their zeal Bode’s law agrees well both with Ceres 
and with the average asteroid orbit 


When Uranus had been observed for many years it was found to deviate from the path laid down 
for it , both Adams and Le Verrier conjectured that an external planet was disturbing it, and calculated 





ALBEDO OR REFLECTIVE POWER OF THE P LAN ETS 

Else l 1° "f""? 4 per £ c i w “ teness Dlsc 2 the reflective power of Venus, Jupiter, Saturn, Uranus, Neptune 

Disc 3, that of the Earth Disc 4, that of Mars Disc 5, that of the Moon Disc 6, that of Mercury Planets with extensive 

atmosphere are brighter than those without 


the position of the latter They both assumed the distance of the unknown m accordance with Bode’s 
law, though shortly before the actual finding Adams concluded that its real distance was smal le r 
the true distance, m fact, is 301 instead of 388, so that Bode’s law breaks down badly here Possibly 
the failure indicates that we have reached the boundary of the family of planets It is at least certain 
that there is no planet as large as Neptune for a very considerable distance beyond it , if there were 
its disturbing effects on Neptune and Uranus would have been recognised There are no irregularities 
m their motion approaching in size those exhibited by Uranus before Neptune was found Much work 
has been done in the endeavour to find such a planet, both by a study of these small disturbances and 
by examination of cometary orbits Each of the four giant planets has a family of comets, whose 
orbits are grouped m a special manner with regard to its orbit Now there are signs of «m>ii«r comet 
groups at greater distances, which may possibly indicate the existence of planets Repeated telescopic 



A GROUP OP METEORITES 

These are some of the large Fire Balls that have fallen to Earth, and are preserved in our Museums They are of singular 
interest, for in them we can actually touch and handle objects that have certainly come from outer space, and that may, 
not impiobably, have once ^formed portions of other worlds The fact that iron is such a frequent ingredient of meteorites 
* shows that it is one of the most important elements in world stmctnrc 
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STh~ b S ™h»'l SUCh wt eS ’ ‘ f ttey e *‘ St ' U ’ e namtrm ‘ '“W” u “‘ *™ now taken of 

rd^ZhTd C f f, T , a ' m S00 ” r " ‘ a,er In a P h »‘°P a P l > wth long exposure a planet 
distinguished from a star by its appearing as a short trail, m consequence of its motion during the 

d 1i m ‘r ■ **“ meth0d ° f *** nrrnor planets mot, on “ howet«h 
more rapid than that of a trans-Neptunian planet would be ... 



COMPARATIVE SIZES OF THE SATELLITES 
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Ganymede and Titan are nearly as large as Mercury gh ■ 


CHAPTER III 


the sun and sunspots 


By A S D Maunder, F R A S 

T he history of the progress of knowledge concerning the Sun and its surface-at least so far 
as Europeans are concerned-falls into three sharply defined periods From the beginning 

1826 it wa k '£ I 0 the ^ A D 161 °' rt Was kno ™ that th ^e was a Sun From SlO to 
In 1826 SchwTh l° mehmes there were s P ots upon the Sun, and that it rotated on its axis 
we knl otr SyStema “ C StUdy ° f “* S, ”' S SUrfl “ ■ °"' 0i th,S h “ *°™ a “ *>“* 

From the days of Ptolemy to those of Tycho Brahe, men in Europe were not observers of the 
heavens They accepted the dtctnm of Socrates to Stmnuas » We nether C 


) 
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with accuracy It, howevci, these bodily senses are neither accurate nor clear must it not 

then be by reasoning, if at all, that any of the things that really are become known to it ? And 
siucy the soul then reasons befet when none of these things disturb it, neither hearing, nor 

Slg * Hlt l( - lutircs as much as possible within itself and it aims at the 

discovery of tli.it which is ’’ 

I Ins being so, it is to the Chinese Annals that we are indebted for observations which lead us to 
believe that before the year a d 

1610, there were sometimes 
spots upon the Sun In the 
twelfth volume of the “ Ob- 
servatory Magazine,” Mr S 
Hirayama of the Tokyo Ob- 
servatory has collected together 
these early sunspot observa- 
tions, 95 in number, between 
A D 188 February 14, and 1638 
December 10 The usual des- 
cription is " flccklc in the Sun,” 
but five times the spot is 
described as “bird-shaped” or 
“ flying bird-shaped,” twice as 
' egg-shaped,” and four times 
as “ like an apple ” From our 
knowledge ot sunspots to-day, 
we can guess what these 
descriptions represent The 
“apple-shape” is a round 
“ regular ” spot , in the " egg- 
shape ” we recognise the gieat 
complex spot of solai activity 
near its maximum, longer than 
it is broad, drawn out in solar 
longitude, in the "flying 
bud” we have the great bipolar 
stream with its “ leadei ” spot 
and “ trailer ” spot 

With but 95 spots recorded 
in 1 ,450 years, there are gaps, 
sometimes of several centuries, 
between two consecutive ob- 
servations Knowing some 
laws of sunspots to-day, it is 
interesting to see if any of 
these laws held good then In 

luir? V p S i k Cy xr leS ’ thC raaximum of activity has recurred in a mean period of about 
vations 4 N . eW f C ° 1 mb denved an average period of 11 1 years from all recorded obser- 

records sive 11 (U f ? f !, 1 06 ycars sults the Chine!3C ^cords above, but the " apple-shaped ” 
vears On thewh^’ * ^ egg ' sha P cd " 11 07 ’ and the “flying buds” fit very ncatlyinto 1222 
good throughout tht ^ su PP ose that something very near our present cyclical period has held 
£ g 4 whole of our era, though there is a suspicion that it may have lengthened 



[By Max Racbcl 

AURORA BORKAUvS 

In Ivngiand, Aurora.* are only seen when there is a great Solar Disturbance, but in 
regions nearer the noith magnetic pole they are* of frequent occuritnct The writer 
has often seen m I y abiador the whole sky shivering with lights and shadows (ns 
above) as if ghostly soldiers patrolled behind misty battlements 
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These sunspots must have been very large and the conditions for seeing the Sun’s surface must 
have been very appropriate for the Chinese to have been able to observe them at all With the naked 
eye, we can only see spots on the Sun’s surface when its brightness is toned down by fog at midday 
or by the horizon haze at sunrise or sunset In the 1,450 years of the Chinese Annals, the number 
ot sunspots observed in each month is as follows —January, 15, February, 9, March, 17, April, 11, 
Ma y> 7 • J une >2, July, 1, August, 12, September, 2, October, 7, November, 8, December, 14, from 
November to April, 74 , from May 
to October, 21 Or three times as 
many sunspots were observed in the 
si\ winter months as in the si\ 
summer months Of the “ flying- 
bird " shaped spots, which would 
need very steady, but foggy, con- 
ditions, one was seen in January, 
three an February, and one in April 
Also since the Sun is nearer to us m 
winter than in summer, it appears 
very slightly larger, and the shape of 
the spot might be better seen 

Are we to infer, then, that if the 
Chinese had had, during those 14 
centuries, a sufficient number of 
calm, cloudless, but foggy days, we 
should have had a regular succession 
of “ bird- " or “ apple- " or “egg- 
shaped " markings showing them- 
selves in groups of three or four years 
which followed each other at intervals 
of 11 or 12 years? Probably, but 
not certainly, because a phenomenon 
occurred in the period 1010-1826 of 
an order quite different from any- 
thing that has presented itself since 
With the invention of the teles- 
cope in the first decade of the Seven- 
teenth Century, there were three 
claimants to the discovery of sun- 
spots— Fabncius, Galileo, and 
Schemer, and to the last the credit 

is rightly due, as he was the fiist 

to devote himself to a long, steady aurora au straws [Rmi Sacuty, 

and continuous survey of the This fme “Draped” Aurora was taken by Cap! Scott on his Antarctic 

Cvm'o eiir-Fo a c? « Kxpeditxon As a rule, if there is a great display of the Northern lyights, 

bun S surface As a consequence the Southern Iylghts arc in evidence also Aurorae are closely connected 

there followed the discovery of W1 ^ # rea t magnetic storms, which arc, as far as we know, simultaneous 

the rotation of the Sun, the over the whole PaHh 

determination of the time (28 days) in which it appeared to rotate as seen from the Earth, and the 
position of the solar axis But neither Schemer nor any of his successors seem to have had any 
suspicion that the changes in the solar spots proceeded in a series of undulations The reason for 
the delay m the discovery of what we now know as “ the sunspot cycle," was simply that it does 
not seem to have been then working in what now we should consider to be its normal manner, and 
before the middle of the Seventeenth Century the supply of sunspots would seem to have run out. 



114 


Splendour of the Heavens 


For the first years after the discovery of sunspots in 1610, the Sun was fairly active , we do not 
know for certain whether a maximum took place about 1610, but the first minimum noted was m 
1619, and it was followed by a well-marked maximum in 1626 The next minimum fell m 1634, 
and was followed by a maximum in 1639, 14 years after the preceding m aximum Then there was 
a long quiet period, with a " maximum ” in 1650, which consisted of but a few spots Spots were 
seen in 1654, August 12 , 1655, February 9-21 , 1660, April 27-May 9 , in 1661, two small groups, 
and then again none at all until 1671 From this date until the end of the Century, spots were very 
occasionally observed, and after 1715 spots were frequent, and by 1718 there was a decided maximum 
The long dearth of sunspots lasted from 1645 to 1715, or 70 years, and during this time, so far as we 
know, there was no spot large enough to be seen by the naked eye , all required the use of a telescope 
for their detection Therefore the long gaps in the Chinese Annals may not have been altogether 

due to the weather being 
unsuitable for looking at the 
bright Sun, for there may 
have been long years when 
there were no sunspots large 
enough to be seen But it 
should be noted that prolonged 
as was this inactivity of the 
Sun, yet the few stray spots 
seen— 1660, 1671, 1684, 1695, 
1707, 1718 — correspond as 

nearly as we can expect to 
the theoretical dates of maxi- 
mum The average interval 
between these maxima is 11 6 
years, so that the solar pulse 
of 11 or 12 years would seem to 
have been beating, though 
faintly, through the 70 years 
dearth, just as we can feel its 
beat also m the records of the 
Chinese Annals 

One point should be noted, 
for it may have an important 
bearing on the origin of sun- 
spots During the dearth, the 
few stray spots were all, with 
one exception (April, 1705) m 
the southern hemisphere of the Sun , it was only when spots came back to the northern hemisphere 
in 1715, that the dearth ceased ’ 

It was more than a century after the Sun had resumed its normal ebb and flow of activity that 
Schwabe, m 1826, began his study of the Sun's surface In itself, his work was very simple and straight- 
forward, but it was carried on systematically and with the utmost patience It was these qualities 
which made it great and epoch-making He made a persistent daily count of sunspots From 1826 
to 1913, the days with no spots were few as compared with the number of spotted days, and so they 
are easier to mark Accordingly page 112 exhibits for these years the percentage of the days of 
observation upon which the Sun was spotless It is obvious that in these 88 years there have been 
eight epochs when there was a most marked absence of spots, and the dates of these are very clearly 
defined , in no case is there any doubt as to the year when the Sun was at its quietest But the 



PROMINENCES AT THE ENDS OF A DI AME TER 
These great prominences, observed by Trouvelot, illustrate a phenomenon often 
noticed over the Sun, that disturbances occur at the ends of a diameter Sunspot 
streams he along parallels of latitude, and the water has often noted spots break 
out alternately m the Northern and Southern Hemisphere, but m the same longitude 




From “ Knowledge ”] .... , t _ 

A GREAT SUNSPOT W pirmistum of the Astronomer Royal 

, Sun ® pot was photographed in August, 1006, and was visible by the naked eye if this were screened by dust haze 

fr ?? h t ^i Ul ’!, lare ° f ? e Sun To the naked 211 lts ““Piexity would show ontyas aSbSot.Md 
it was such a spot that the Chinese observers described as “ apple-shaped ” Note the dark centre (called ihe umhra \ and 
grey penumbral frmge The right-hand edge of the Spot is we ? U defined, buMhe t“ tom 

irregular spots with faculous clouds in between 



From " Knowledge ”] 

THE SUN IN AUGUST, 1893 l t'r»m s ,on of the Astronom, Royal 

Sun 1893 > Au «“ st 9 Note ^ s P lder lines photographed m the focus with the Sun so as to mve 

P °’ ats , of re ^rence from which to measure the position angles of the spots and faculse After the exposure the clock was stormed 
SU " traveUed off the plate, a second exposure was given, and the le£SE£d markmg “eSunt 

western limb represents the small portion of the Sun thus photographed to give the east and west lme P The large group in the 
S W quadrant measured 2,300 millions of square miles on this day K g P 
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range in time of the interval between one minimum and the next varies from 10 to 13 yeais The 
average length of the interval is 11 4 years— a little quicker than the beat of the solar pulse during 
the great dearth , a little slower than the beat given by the Chinese Annals 

This interval in solar phenomena, the mean period of which has been taken as 11 1 years is called 
“ the su nspot cycle ” The recognition of it belongs to Schwabe Schwabe’s work was continued 
at Zurich, first by Wolf and later by Wolfer, and for them, observers scattered over the Earth counted 
daily the spots and groups of spots on the Sun’s surface, disregarding their positions and the differences 

between the Sun’s northern and 

southern hemispheres But as 
different observers used tele- 
scopes of different powers, and 
it was evident that smaller 
spots could be detected by, 
say, a 4-inch glass than by a 
2-inch, Wolf deduced a factor 
for each instrument whereby 
all the observations could be 
made to conform to the results 
that would be obtained by a 
telescope of a standard power , 
and Wolf’s “ Relative Sunspot 
Numbers” are used m many 
enquiries wherein long con- 
tinued and systematic data are 
required 

In the Chinese Annals there 
is no hint that spots may not 
occur anywhere on the Sun, 
and only occasionally a hint 
that they may have a definite 
shape Schemer found, how- 
ever, that spots seemed to move 
along larger or smaller chords 
of the Sun’s circle, but never 
on very small chords In fact, 
the Sun was turning on its 
axis and spots avoided the 
polar caps of about 50° radius, 
both m the north and the 
south All spots, too, had their ^ A “ orapjrd ” aurora ^ Max Kaebel 

specialities of shape and size 1 ” 10&t fre< l ucl jt coloui m polai nuiorae is while, more or less tinged with yellow, 

_ „ j A a A , . ’ “ n(l the J m01 c thc aur °i the more distinctly yellow it is After yellowish white 

ana they dltlered greatly in tile uevt most frequent colour is rose carmine The “ Draped” Aurorae, which are 

these and in the length of time llchcbt 111 colour > aie onl y s cen in regions whose suis are ice free and therefore 

. t , , , ° „ liable to fogs 

they lasted The most stable 

spots, those that change least and last longest, are nearly round They appear black in the centre, 
which is not quite half as broad as the entire spot. In this black region (the vmbra) there are 
sometimes points of intenser blackness, as if pits were sunk in the floor of a great cavity Round the 
umbra is a lighter region, which surrounds it as the iris surrounds the pupil of an eye This is called 
the penumbra, and is marked throughout by wavy lines flowing inwards, as if the penumbra were 
made up of thatch straws, which, where penumbra and umbra meet, seem ravelled out into a 




118 


Splendour of the Heavens 


narrow fringe Round the spot, outside the penumbra, the surface of the Sun is brighter than 
usual, and seems to be heaped up, and some of this bright white stuff may appear to boil over 
and either flow right across the spot, throwing a '* bridge ” over it, or else flowing into it A small 
patch of this bright stuff is called a facula, and is sometimes seen near the Sun’s edge, quite apart 
from any spot In such cases these faculae lie in bright patches, like clouds m a " mackerel sky " 
T hey are clouds on the Sun, and are near the centre of the disc as well as near its edge, but at the 
centre the Sun is itself too bright for the brightness of the facula to be distinguished upon it 

The round compact sunspot is not the only shape, and spots are generally seen m groups A 
very ordinary occurrence is for two very small spots to appear close to each other, to grow quickly 
and to move apart as they grow , and this movement is so rapid that the two spots may travel away 
from each other at the rate of about 8,000 miles a day The “ leader ” spot is usually round dark 
and well-defined , the “ trailer " spot may be the larger of the two, but is not so dark or so regular 
in shape , and between the two a number of small spots spring up and shortly die down again I 
think the egg-shaped ” spots of the Chinese Annals were each such a pair of spots, each member 


L u*J W ! S 


# if Y^W 


f V 


m 


»iun i 


\ 

1 \iPn^\ / i r 

\t i f, 

1 X 


l I I 

^il L <1 




* i jfim/ 


i 


i * * 



f, ; ' 

i I' 

1 'I j 


THU TRACE OF A GREAT MAGNETIC STORM L Orcmmcl, vburvalary 

or disturtences from” raffle 89 It respraSto^estatJof 1S ® cellar free from variations of tempo atm e 

wit, the passage of a great spot a’cross 

white Ime m the diagram 

of the pair being large enough to be seen by the naked eye, but the space between them too narrow 

sTmpf 11 t0 +E 6 Seen se P aratel y - what the e ye perceived was an oval, a little larger than it was broad 
Sometimes the spots between the leader and the trailer spots grow as the group lengthens out Thus 

2™?"- ^ * he Sra 00 M “ ch 21 - 192 °. “ d ™ Ih 

bank on that evening the group was visible to the naked eye, but all its immense complexity simply 
appeared as a single line bent into an angle of 120= m its preceding portion I tbTk Ss wasmst 
such a case as the Chinese Annals described on five occasions as " flymg-bird shaped ” 

But sometimes also we get a giant spot, single m that any attendant spots upon it are quite msiemfi- 
b, “ “"f * “ up One or two of such spots have bT. e™ m3lf 

2 , n Cy ? es ' before ° r at S^est phase of solar actmty T “the 

spots wh. oh the Ohrnese Annals described as » applied were of tins order * 

After Schwabe the next notable sunspot observer was R C Carrington, in the vears 1853 1861 
He redetermined thejosrtton of the Sunjstms, and the tune tt takes the Sun ,o turn rcuTdi^athl 
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m r * ft, r* V j 

RICE GRAINS ON THE SUN’S SURFACE C 7 ‘”' S5 "‘ 

feen e wfhTmlf s l S h^ 0 l5° UP 3 fL the Surf f e of U e f un ltself 111 this the penumbra of the spot is lost, and nothmg is 
thev had bee^sme^ rt ? + t ^granules on the Sun Note that these are in parts well defined, and in parts blurred as if 
they had been smeared It is not known whether the currents which cause this blurring are currents on the Sun itself or cutouts of 

air in the Earth’s atmosphere, peihaps xn the tube of the telescope itself 
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Rev A L Cortie, S J ] 

TYPICAIy SUNSPOTS 

Drawings by the Rev A I, Cortie of the Stonvhurst Observatory, of different types of Sunspot group Type II is one 

f ^ TtTtTi fc f °f mS ’ a f jf rofessor sa T s that the leadei and the trailei spots are of opposite magnetic signs 
Type III is the form which was probably seen bv the Chinese as “egg shaped and Type IV as “apple shaped ” 


the times, for he showed that each different zone of latitude, north and south, has its own time of 
turning Suppose that there were a spot in every fifth degree of latitude from 40° North Latitude 
to 40° South, and at a given moment all seventeen spots were observed to be on the central meridian > 
of the Sun’s apparent disc If, then, each spot travelled w estward with the average speed of apparent , 
motion appropriate to its own particular latitude, the spots would all be found after 27£ days near ' 
the central meridian a second time, but they would lie on a curved line, not on a stiaight one 

Spoerer’s work on sunspots followed hard on Carrington’s, and its chief result is known as Spocrer’s 
Law at the beginning of a new cycle, the spots are found chiefly m high latitudes, but as the cycle/ 
progresses they tend to slip into lower and lower latitudes until the equator is reached One 
particular characteristic of this “ Law of Zones ” he laid stress upon, namely, that the actual sunspot 
cycles overlap, the new cycle having its beginning before the expiring one has run out its course 
Both these features are illustrated on page 112, which covers the period 1854-1912, almost five complete 
sunspot cycles, the material for the first two cycles being derived from Spoerer’s own work 

We have already noted that the intervals from maximum to maximum, or from minimum to 
minimum^ are about 11£ years on the average But from the fact that the curve of latitudes is dis- 
continuous, the inference is obvious that each solar cycle is a distinct impulse, and that these 
successive impulses follow each other quickly, one beginning m high latitudes at about the time 
its predecessor dies out near the equator The duration of this impulse, like the solar cycle, varies 
a little, but on the average it is a little over 12 years, perhaps exceeding the solar cycle by about a year 
Hitherto sunspot observers had only considered the Sun as a whole , they counted it as a sphere 
not as two hemispheres But to Spoerer belongs the a edit that he treated the spot outbreaks in the 
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northern and in the southern hemispheres separately In two papers he traced back his “ Law of 
Zones” to the year 1619, and showed that although there is on the whole a Talante between the 
number of spots in the two hemispheres, yet in three periods of the Sun’s history the southern spots 
have picdominated It was Spoerer also who brought out that both the law of the spot cycle and 

for abo "' ,o year *- m the iong s ° nspot deanh ° £ * he 

Schemer, Schwabe, Carrington, and Spoerer made great advances in knowledge of the laws and 
conditions of sunspots, and therefore of the nature and constitution of the Sun But their advances 
were not made because of their powciful instrumental equipment, but because of the natienle and 

Therefore it was a great epoch 
in the history of sunspot study, 
when in 1873, Sir George Airy, the 
seventh Astronomer Royal, insti- 
tuted a department in Greenwich 
Observatory which had as its aim 
to get a record day by day, con- 
tinuously, of the Sun’s surface by 
photography on a uniform scale 
The aim became a practical reality 
within a few years of its inception, 
when Sir William Christie, the 
eighth Astronomer Royal, laid 
other observatories, m parts of 
the world remote from Greenwich, 
under contribution to fill up the 
gaps inevitable from bad weathei 
in these Islands At present the 
Royal Observatory at the Cape 
and two observatories in India, 
also take daily photographs of 
the Sun on the same scale as 
those at Greenwich, that is eight 
inches to the diameter of the Sun’s 
disc The photo-heliographs with 
which these daily photographs are 
taken arc very modest in size , at 
Greenwich during the greater 
part of the time, the aperture 
employed has been restricted 
to three inches, with the image 
enlarged at the pnmai y focus 
so as to give the required 

At^nrh of £ 1 A “DRAPRD” AURORA AUSTRALIS [Royal Soctety 

, , , eSC 0Ur S0 ar A very Hue spiumeiTcrf the “ Diupcrt ” Aurora:, obsuved dunng Capt 

stations when weather permits, two Scott’S Expedition to the Antarctic All Aurora: which take the format 

photographs are taken each dav !^ a P t P r 01 , funs , or u “'J ulilte<1 nrcs ’ mu m Ktneial dearly outlined along 

and thoM ora oil , _ their lowei bordu , while the light fades out gradually above and mingles 

and these are all sent to Green- insensibly with the sky Mi Gavin Bums has shown that m the years 1 

Wich to be examined measured 1010-1919, AuroraTwcre most ficqucnt when ceitam longitudes on the Sun ‘ 

’ were turned towards the Tiaith 
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and the measures reduced It may seem a great waste to have eight photographs taken 
when, m practice, only two are required and only one measured, but the waste is inevitable 
and necessary if the continuous daily record of the Sun’s spots is to be made and kept 
complete This number of stations is, however, sufficient, for it rarely happens that the 
weather is bad at all four localities on more than one or two days in the year Greenwich can 
supply a good record for its summer months, and the Cape Observatory for its summer, corresponding 
to winter at Greenwich, and Dehra Dun and Kodaikanal fill up the gaps in the remainder 
of the year 

The measures of the photographs are made at Greenwich and two complete sets of measures 
are taken as made by two observers, of whom the one measures with the magnifier on the right of 
the instrument, and the other measures on the left, the means of the two sets of readings being used 
m order to eliminate the “ personal equation ” of the observer and errors m the instrument The 
measures are then transformed into solar longitudes and latitudes As on the Earth so on the 
Sun, latitude is an obvious thing , the Sun’s equator is almost as easy to determine as the Earth’s 
equator So on the Sun, as on the Earth, we have to choose, by favour, a "prime meridian”, 
none stands out as any more the "first” than the others On the Earth, we choose the meridian 
of Greenwich as longitude 0° , on the Sun, Carrington took that longitude as the prime meri d i an 



The great Sunspot of 1892, February 13, which ushered in the maximum of the Solar cvcle 
1889-1901 A few hours after this spot had passed the Central Meridian of the Sun’s disc the 
indent magnetic storm broke out of which a tracing is given on page 118 The spot passed off at 
the western limb, and a fortnight later came into view again at the eastern limb, and when it had 
again passed the Central Meridian, the magnetic storm broke out again violently for the second time 


which coincided with 
the centre meridian , 
at Greenwich noon ' 
on 1877, Febiuary I 
27, and this is still 
counted the prime m 
the Greenwich sun- 
spot measures But 
on the Sun there is 
a further difficulty , 
all parts of the Sun 
do not turn in the 
same time Car- 
rington therefore 
adopted a certain 
mean time of rota- 
tion, that given by 
the majority of the 
spots m latitude 
10°-15°, and the 
time of sidereal 
rotation (i e , as re- 
ferred to the stars) 
he adopted was 25 38 
days Spots near / 
the equator move as/ 
a rule more rapidljj 
than this, spots id 
high latitudes mori 
slowly 

For the first 12 
years of th$ photo- 
heliographic work at 




( ” A LONG SUNSPOT STREAM ^ 

CeSS Men P ^° when C 'T ° f , 18 ? 6 ' Se P tember 10-22, showing .t fully presented when passing the 

hemisphere This lon£r-drawn-™h rn l mit aiK T hen ^ U1 ! e 01032 to the ed & e ’ ai1 ^ when disappearing into the unseen 

decline Such a stream might" he <JL . of 3pot ^ 0l J p 18 typical of that part of the Sun spot cycle when Solar activity is on the 
g ee f,ky ^he ^J £ed eye as a line on the surface of the Sun, and it was probably such a group 
that the Chinese descnbed as “ flymg-bird shaped ” 
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Greenwich the measures of the spots and faculse were 
printed after reduction in the form of a Journal , called the 
Daily Results ” Each separate spot and facula is there 
given in the order of solar longitude, with its solar latitude 
and its area expressed in millionths of the Sun’s visible 
hemisphere The faculae are somewhat formless , like 
the clouds on the Earth, they have no lasting distinctive 
features But the spots are often, indeed usually, 
associated in groups, and can be recognised from day to 
day, and these sunspot groups each receive a distinguishing 
number 

It soon became evident that spot groups differ among 
themselves in many particulars, they may live for a few min- 
utes or days or many weeks , they may seem no larger than 
pm-heads— minute areas measuring no more than 400 miles 
across— or thev may be torn and irregular blotches, 



COMPARISON- OF AREAS OF FACU l,JB IN THE EAST AND WEST 
HEMISPHERES OF THE SUN 

The white columns represent the mean daily areas of the faculee on the 
west limb, the black columns those of the faculge on the east lnnb the 
shorter column for each year is superposed on the larger one, so that the cap 
of each column represents the area by which the under column, te, the 
longer one, exceeds the shorter one 



[£ W Maumhr 

THE METHOD OF MEASURING ARE A.S 
OF SPOTS 

The ruled glass diaphiagm with which the areas 
of the spots and faculee on the Sun photographs 
at Greenwich Observatory are measured Ihe 
number of the squares included in the spot is 
counted 

blackening three or four thousand 
millionths of the Sun’s bright surface , 
huge pits in which a hundred globes 
as big as the Earth could lie together 
side by side Evidently, then, much 
might be learnt of the nature of a 
sunspot if the measures for each group 
were collected together for its whole 
visible life m a sort of "Ledger,” so 
as to bring out its development and 
history These Ledgers were first 
printed for the Greenwich Results in 
the year 1886, and have since been 
published year by year with the 
Daily Results In 1907 the Ledgers 
were extended backwards for the first 
12 years, 1874-1885, so that we have 
now for well-nigh 50 years an inti- 
mate knowledge of the behaviour of 
all the spot-groups on the Sun that 
have been visible from the Earth 
We have the means of working out 
the life history of groups of diffeient 
durations, and the connection between 
their size and their length of life , of 
the movements on the Sun of groups 
of different latitudes , of the centres 
of activity on the Sun, and whether 
these favour certain latitudes and 



petals spread out in all directions 
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longitudes , of the relations of these centres 
of activity with other phenomena on the 
Sun, or with phenomena outside the Sun, 
and, perhaps most important of all, we can 
test the forces within the Sun itself, and we 
find that they are not monarchic but 
dy archie that the northern hemisphere of 
the Sun is distinct m its acting from the 
southern hemisphere, though not indepen- 
dent of it , they both respond to the same 
cyclical law imposed upon them, but each 
reacts in a somewhat separate manner, and 
at a separate time The history of sunspots 
during the last 50 years is linked with that 
of the Solar Department of Greenwich 
Observatory , some advance has been 
made there m the solving of the solar pro- 
blems just stated, and the further solving 
of them depends on the completeness and 
the continuity with which m the future these 
records will be kept-kept preferably at 
Greenwich, for nowhere else m the world 
has solar work of this nature been carried 
on for so long a period and with 



THE RING NEBUTA IN I/YRA ^ 

We see the annular Nebula m Xyyiaas an almost circular ring with a 
star occupying its centre According to lcsearches by Major Hubble, 
at Mount Wilson Observatory, the light of the Nebula is either star 
light lcfkcted or ie* emitted 


■so little interruption 

Let us consider first the way in 
which Spoerer’s Law of Zones is 
presented by E W Maunder at 
Greenwich On page 146 appears 
■what has been called " The Butterfly 
Diagram," for the obvious reason 
that it looks like three specimens 
of lepidoptera, and a bit of a 
fourth, pinned to a board with 
wings extended, but of which the 
'heads, bodies and legs have 
mouldered away Each pair of 
wings is distinct from the next, 
there is a clear V-shaped gap 
■between each of the specimens 
But materials for these wings 
are drawn entirely from the Greet* 
wtch Photo-hehographic Results, and 
they extend over the years 1874- 
1913 Seven thousand groups of 
sunspots are represented, but the 
short straight line which indicates 
the latitude of a spot is drawn just 
as long and as heavy for a small 
«pot as for a large one, for one 



THE MOST SPOTTED DAY ON THE SUN 

The Sun showed a larger total spotted area in 1917, August 10, than at anv 

°*Z A me d ^o g the last years The photograph toe re^rodu^d 

f0 August 12 > on rt ale four independent groups visible to the 
eye at the same time 
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spot as for a dozen “ The Butterfly ” 
represents only the distribution of spots 
in latitude , nothing is shown concerning 
their areas All spots that occur 
during the same “ Rotation of the Sun ” 
are represented in the same vertical line, 
and the Sun is taken as rotating (as 
seen from the Earth) m 27 275 days 
The Y-shaped gap indicates that 
each solar cycle is one , a single impulse 
that is complete in itself and distinct 
from the impulses that came in the past 
or will come m the succeeding years 
Next, it suggests that this impulse, 
the origin of the solar spots, lies within 
the Sun, not without it The spots 
must come from below the Sun's sur- 
face , they are impressed upon it by no 
exterior influence , neither by planets, 
nor by meteors No exterior influence 
could invariably begin a fresh disturb- 
ance nfa high latitude simultaneously 
on both sides of the equator 

This impulse of some force acting 
within the Sun must lie so deeply 
and yet so widely within it, that 


N 



E Walter Maunder ] [Royal Astronomical Society 

THE ROIATION TIMES OF THE SUN 
If on a given date seventeen spots, 5° apart on the Central Meridum of 
the Sun, as indicated by the vertical line, moved with the rate of thur 
latitude, after one complete rotation of the Sun they would lie on the 
curved line Ihis shows how much more quickly spots rotate the nearei 
they are the Sun’s equator 


though it begins to act on both the noi them and the southern hemispheres at nearly the same times, 
these actions occur at their greatest distance apart The first spots of a new solar cycle begin almost 
simultaneously in very high northern and very high southern latitudes, the last spots of a solar cycle 
are in low latitudes so that northern and southern spots seem almost to merge Indeed, ** the 
Butterfly Diagram seems to suggest that the solar butterflies have been for the last three or 



[ Greenwich Observatory 


A SPOT FORESHORTENED 
A'regular spot showing foreshortening near 
the Sun’s limb Note that the umbra is less 
foreshortened than the whole spot 


four cycles stronger 
on the southern wing 
than on the northern, 
and that m the 
expiring phases 
the southern en- 
cioached slightly over 
the northern at the 
equator, as if the 
southern influence — 
whatever it might be 
— actually crossed 
over the equator But 
the solar cycle now 
running its course 
has shown the north- 
ern wing stronger 
than the southern , 
the strength of the 



[Greenwich Observatory 


UMBRA AND PENUMBRA 
A stream of spots Note the black umbra irregu- 
larly set in grey penumbrse Note also the grada- 
tion of light near the limb 


Pain fed by Arthur Tivldle 


SUNSPOTS, CHROMOSPHERE AND PROMINENCES 

The upper pioture shows the relationship which we infer to exist between the spots on the sun’s surface and the chromosphere 
and prominences which lie above the spots We do not actually- see these two classes of solar features at the same time, for 
the spots we see on the actual disc with an ordinary telescope, the chromosphere and prominences we see at the edee of the 
sun with a spectroscope The lower part of the picture shows the forms which the red flames, commonly called the prominences, 
may assume They may extend outwards for thousands of miles. 
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forces acting within the Sun have, for the time being, been transferred to the northern 
hemisphere 

We may draw the conclusion that the Sun is not — at least not always — symmetrical in the con- 
stitution of its interior There is something deep within the Sun, which makes a distinction between 
its northern and its southern hemisphere. The solar cycle is one, not merely for sunspots m general, 
and for sunspots m any special zone in particular, but there is some want of symmetry m its action 
that makes the northern and the southern hemispheres distinct , they may work in harmony or in 
discord, but they work somewhat differently 

And perhaps the one cannot act without the other, or at least act efficiently It seemed to be so 
in the latter part of the Seventeenth Century, for during the 70 years' dearth of spots, all that did 
appear above the surface were southern, except m two cases, both occurring near the end of the dearth 



Perhaps from this instance we might draw the inference that great feebleness m one hemisphere 
means feebleness m the other also 

It is perhaps convenient to introduce here some numerical data about the Sun, and their relations 
to the Earth On the scale of Earth = I, we have for the Sun diameter — 109 , mass = 333,434 i 
density = 0 26 , surface = 11,900 ; volume = 1,300,000 , surface gravity = 28 0 The diameteJ 
of the Sun m miles is 864,000 and the area of its visible surface (the hemisphere presented to us) is 
over a million times a million square miles The period of rotation assumed for the Sun is 25 38 days 
(Carrington s period), but this is, of course, its period relatively to the Stars , the corresponding 
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mean rotation is 27 275 days as 
it appears to an observer on the 
Earth, which is itself traversmg 
an orbit round the Sun m the 
same direction as the Sun rotates 
The mean apparent daily motion 
of a spot, with respect to the 
central meridian on the Sun’s 
disc, is 13° 2 A long-lived spot 
appears to cross the visible disc 
of the Sun m thirteen or fourteen 
days 

In 1907, the writer found that 
the longer lived a spot, the larger 
is its average size The size of 
a spot lasting for fourteen days 
is more than four times that of 
a ten-day spot, more than eleven 
times a five-day spot, and more 
than twenty-six times a two-day 
spot Also, a spot varies its ar£a 
from day to day of its histoty It 
starts from nothingness, it runs up rapidly to its maximum area, then more slowly it sinks again to 
zero, though there may be minor fluctuations both in its upward and downward com se Thus anyone 
of these groups ol different durations may have come into being at a region on the Sun’s surface turned 
away from us, or it may die out on the invisible hemisphere , its life, apparent to the Earth, may include 
for the most part its time of rapid growth, or on the other hand its time of slow decline Even the 
one-day spots may include cases of the first day of a long and active life 

The writer therefore worked 
out the history of all the spot 
groups which lived, oi appeared to 
live, for eight days, dividing them 
into three categoric s The Eastern 
Category includes those which 
form in the invisible hemisphere, 
and only the last eight days of 
their existence are passed on the 
visible side of the Sun , these are 
decaying groups, and their thief 
energy is already passed Next, 
m the Western Category are those 
which arc boin on the \isible 
side of the Sun, and pass, when 
still active, into the unseen hemi- 
sphere These are large and 
active groups, and they are visible 
in their first eight days of life 
when they are growing most 
rapidly The Central Category 
are those which are born and 



lirteenwicfi uoserv 

THE SOI^AR MICROMETER CLOSED 
lie same So ^ i ^^ ometer with the slide down, and showing the eye-i 
can move diametrically across the photograph 



l Creenmch Observatory 

THE SOIyAR MICROMETER OPEN 


The Solar micrometer lor measuring the positions and areas of spots and faculoe 
The slide, on which the glass diaphragm ruled in squares moves, is open, showing 
a photograph in place, mounted on three pillars with tin him side upwards 
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which die on the visible hemisphere These are the true eight-day groups The areas per day for 
the three categories are — 

Mean area per day 

Category tn millionths oj the Sim's No of groups 

visible hemisphere 

Eastern . , 59 67 

Western . . 194 35 

Central .... . 47 43 

The true mean area of groups which live for eight days is 47 millionths of the Sun’s visible 
hemisphere — that is to say, some 55 millions of square miles, or about six times the area of what 
used to be the Russian Empire Mark also that the number of groups in the Western Category 
is about half the number in the pastern Category, but its mean area is more than three times that 
of the groups which die m the East 



By permission of] [The Astronomer Hoy at 

GREENWICH OBSERVATORY BOOKING NORTH 

The original observatory of Flamsteed is seen in the far distance, surmounted by the tune baU and wind legisters In llic 
middle distance is the great dome of the 28-ineh refractor , and m the foreground, the Alhuimuth, whose dome is opened (as 

shown) by sliding the halves apart 

We have therefore this point clear For spot groups of this class —observed for eight days — 
many more come round at the east limb of the Sun from the unseen hemisphere and die on the visible 
disc, than are born on the visible hemisphere and pass out of sight at the west limb F(?r eight-day 
groups the mortality on the visible hemisphere is much greater than the birth-rate 

Why should this be so ? The Sun is constantly turning round as seen from the Earth , there 
is no central meridian, no eastern nor western edge marked m it or on it , these are only “ conventional 
lines " as seen from the Earth If on the Sun there is really a diffeience between the cast and the 
west as seen from the Earth, then it must be the Earth itself which causes that diffeience What 
is east and west or central on the Sun to us on the Earth, would not be so to observers on another 
planet But consider what the size of an eight-day spot is— 47 millionths of the Sun's visible hemi- 
sphere, that is to say about 55 millions of square miles , the Earth itself could settle down in such a 
hole and find room enough to roll a bit Does this preponderance of east over west for the Sun hold- 
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the tawny ZONE OF JUPITER L r K FhtU *' 

!^° nl r y fore ^-day spots? For the 12 years, 1889-1901, the writer counted the number of spots 
g round the Suns east limb out of the invisible hemisphere and found them 947, but the 

vi ? ie s t ° f the sun r ° und the umb mt ° • 

the Forth r 1 !u° t p0t f’ 0r 22 per Cent of the whole number - seem to have been kiUed by 

of the Sun th^ wrT ln§ the blr J h ' rate and the mortality tables for the seen and unseen hemispheres 
ot the bun the writer got the following curious result 


Born on visible hemisphere 
Born on invisible hemisphere 
Died on visible hemisphere 
Died on invisible hemisphere 


N hemisphere 

171 

258 

248 

181 


S hemisphere 
223 
314 
316 
221 


Whole disc 
394 
672 
564 
402 
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Thus both north and south indicated that the greater number of spots were boin on the unseen 
hemisphere, but the visible hemisphere pioved the graveyard for the majority of spots 

But sunspots are not the only features oi the Sun There are prominences , these are like great 
flames, and these too showed that, as a rule, there were more of them visible on the eastern edge of 
the Sun than on the western As a rule, but not always, for with prominences as with sunspots, it 
seemed when the Sun s activity died down as if the western flames were slightly more numerous than 
the eastern 

The Earth is so small, and the Sun and its spots and flames are so vast, that it seems absurd to 
suppose that a body like the Earth could influence structures so much greater Might it not be that 
sunspots are holes which slant backwards, and if behind them the Sun's surface were heaped up, it 
seems possible that as the spots came up the eastern slope to the central meridian we should see their 
front parts unhidden by the faculous clouds, but as they went down the western slope we would see 
them partly covered up by the taculas behind them 

In 1921 E W Maunder tested this suggestion by investigating whether the faculae themselves 
showed any preference for the east or the west If they should show no preference then they might 
well be the cause of the apparent preference of sunspots for the east, since the facula lie above the 
sunspots and tend to lag behind them But for the 42 years examined by E W Maunder the 
eastern facula* predominated over the western, slightly but persistently for such parts of the solar 
cycle as the Sun is most active , during those years when the Sun quieted down the western faculae 
were the greater and more numerous This is the same result as is found for the solar flames Now 
there is nothing to hide the faculae, and therefore it would seem as if the Earth docs exercise a real * 
and sensible influence upon the forces within the Sun It is an influence that is not equally efficient 




[The Yerkes Observatory 


By permission of] 

I<OW IKYING FOG CLOUDS AS SEEN FROM MOUNT WILSON 
These clouds he some three or four thousand feet below the great Solar Observatory on Mt Wilson m California, and when 
present they are used to find how much sunlight is reflected from such cloud This is of importance for comparison with the 
sunlight reflected from the planet Venus as an indication whether she is covered with cloud or not 
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at all times , it is most potent 
when the Sun is active , when 
the Sun is quiet the Earth s 
influence dies clown, or perhaps 
even acts in a contrary direc- 
tion 

Spots, facuhe and promin- 
ences all keep the law of the 
11-year cycle, but they keep it 
somewhat independently , they 
attain their maxima and die 
down, not all at the same times, 
just as the northern and 
southern hemispheres do not 
act synchromcally And 
“ REGULAR ” SUNSPOTS t Greenmch Observatory another feature of the Sun also 

These sunspots of different sizes are all of the “ regular ” type, having round black keeps this law WllGll the 

umbra surrounded by round grey penumbrae Note that the Sun’s limb is less Sun’s bright disc IS wholly 
bnght than its centre , , ,, J 

covered by the Moon and so 

is eclipsed, we see round its edge a radiance shining , not a halo or glistening atmosphere such as 
surrounds a candle flame in a fog, but a structured radiance that is called the Sun's corona (see p 12(>) 
When the Sun s activity is at its least the corona seems to consist of two pairs of wings folded 
more or less symmetrically along the line of its equator, together with coronal plumes at the 
north and south poles, not unlike some types of aurorae on the Earth At maximum activity, 
when the sunspots are spread most widely in longitude and latitude, the great wings, or petal- 
shaped leaves of the corona, spread out in all directions, appearing sometimes even to cover the 
poles of the Sun, and the broad bases of the petals surround the regions where spots have been and 
above which the prominences flame But the tips of the petals do not taper to a point, but stretc Ii 
out into long rod-like rays— beams with parallel edges— to limits beyond what no photograph as yet 
has been able to trace them All these features are turning, though with unequal rates, with the 
Sun as it turns on its axis, and we 
know that the causes which excite 
them he within the Sun Can we 
get any measure of the depths at 
which these causes lie, from the 
diff erences m behaviour ? 

In 1905 E W Maunder and the 
writer investigated the solar rotation 
periods for the two cycles, 1879- 
1901 We found that the rotation 
period of the Sun, obtained by Car- 
rington, does not correspond to a 
latitude of between 10° and 15°, as 
he supposed, out is given by the 
separate spot groups of latitude 22J° 
or by the “ recurrent ” groups of 
latitude 20° , in other words, Car- 
rington’s period is not that of the 
mean of all spots, but is considerably 
larger than that mean 



t Lfcenwuh Observatory 
A COMPLEX SUNSPOr STREAM 
regular ” , the trailer spot is very complex , m between 


The leader is 

them there is much grey penumbra! matter with smaU umbm 
the black umbral trench in the trailer 


Note 


LG ft A xichty 


THE OWIy NEBULA 

Eike many planetary nebulae, the “ Owl ” has a bright star placed almost centrally withm its circle There 19 very little 
doubt that the nebula is closely associated with this star, and it has been suggested that the nebula owes its light to the star’s 
light being either reflected wholly at each point, or re emitted without loss Mr Hubble, of Mt Wilson Observatory, suggests 
that the star may send forth streams of minute charged particles which excite the nebula electrically as the Sun excites 
aurorae on the Earth The Owl Nebula is the largest planetary nebula in the Heavens, and lies near the second Pointer Star 

m the Plough 
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JVOAKS IN 1916 

preseuStions ^ *“«* 


We also found 
that spot gi oups 
which have differ- 
ent lengths of life, 
if discussed separ- 
ately, give differ- 
ent rotation periods 
for the Sun There 
are " short-lived ” 
spot groups last- 
ing for six or seven 
days , “ medium” 
and “ long-lived ” 
(13, 14, or 15 days) 
and “ recurrent ” 
groups, these last- 
ing through more 
than one appari- 
tion, that is for at 
least three weeks, 
and perhaps for 
five or si\ or even 
for some months 
The longer lived 
the group the 
slower is the rota- 
tion which it gives 
for the Sun, and we 
infer that a dis- 
turbance causing 
these slower mov- 
ing and steady 
“recurrent" 
groups lies deeper 
down in the Sun 
and approximates 
more closely to its 
true rotation 
period than the 
shorter-lived and 
more erratic groups 
caused by disturb- 
ances lying nearer 
the surface In 
other words, slow- 
ness of mean mo- 
tion is a criterion 
of depth for the 
layer under exam- 
ination 




Splendour of the Heavens 


137 


We found also that though the 
higher the latitude the longer the 
rotation period of the latitude, yet 
the shortest mean period is given, 
not by the equator itself, but slightly 
to the north of it On the whole 
the periods in the northern latitudes 
tend to lengthen more rapidly with 
distance from the equator than those 
of the southern, and this pheno- 
menon is found not only m the 
totality of groups but also in the 
very long-lived “ recurrent groups 
For the whole number of groups, 
short-lived taken with long-lived, we 
find that the northern hemisphere 
moves more rapidly than the 
southern until latitude 20° is passed, 
after which the southern moves 
more rapidly , in the case of 
the deep-seated recurrent groups, 
treated by themselves, the northern 
hemisphere is the more rapid until 
25° is passed, after which it 
is slower than the southern 
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[A E Douglass , 

THE SOIyAR CYCXyE AND TREE GROWTH 
A log from palarue, Sweden, whose outermost ring was grown m 1911 
Cyeles or pulsations are easily seen m the grouping of tree rings, and can 
e identified m sections of other trees and with years of many sunspots 


[ 4 E Douglass 

the SOIyAR CYClyE AND TREE GROWTH 
A section of a Scotch pme of six inches diameter from (3s, Norway It 
was cut in 1907 and the incomplete outermost nng was grown that year 
the innermost nng was 1848 Arrows mark the yLs of sunspot maxSa 

If a photograph of the Sun is 
taken by means of the spectrohelio- 
graph in a ray of light from Calcium, 
so that a picture is got of the Calcium 
clouds (these arc like faculae, but are 
not identical with them) they are 
called Calcium flocculi They lie 
close to the spots but slightly above 
them, and obscure them m part 
Like faculre, flocculi may also be 
found where no spot is actually 
visible Professor Philip Fox, the 
Director of Dearborn Observatory, 
when at Ycrkes measured the periods 
of rotation for the Calcium flocculi, 
as has been done for sunspots at 
Greenwich, and for them he showed 
that for every coi responding pair of 
latitude zones, except the first, the 
southern hemisphere has a slightly 
U e Douglass. greater rotational movement 
growth Combining the results from Mr 

Pox and the Greenwich observers, we 
irs of many sunspots find that for such groups as are 


i: YW 

A Mi', 
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[British Astronomical Association 


SUN CRESCENTS DURING A PARTIAL ECLIPSE 
During a partial eclipse of the Sun many interesting phenomena are observed 
The light patches cast by the chinks between leaves of a tree are no longer 
round If the fingers of the hand are outstretched they appear like a bird’s claws 


most deeply seated, the northern 
hemisphere of the Sun rotates 
more quickly than the southern 
up to a solar latitude of 25° , for 
spots at a mean level slightly 
higher, this northern excess only 
extends to 20° , whilst for the 
high flocculi the reverse holds 
good, and for all solar latitudes 
beyond 5° the southern hemisphere 
has the quicker motion We 
thus mfer a state of strain, not 
only between the southern and 
northern solar hemispheres, but 
also between the higher and lower 
strata m those hemispheres 
Dr Bauer, the Chief of Divi- 
sion of Terrestrial Magnetism in 
the United States, has said — 
“ Modem researches would indi- 
cate that the chief source of the 


Earth’s magnetism is not to be 
referred to permanently magnetised substances, but doubtless to a system of electric currents 
embedded deep within the interior of the Earth and connected in some manner with the Earth’s 
rotation ” May we look therefore to find evidences of magnetism in the Sun, whose various layers 
rotate in such differing fashion ? 





THK SITE OF THE 3,200-YEAR-OI,D TREE ^ 

D ? UglasS examiu J s sections of trees, since the size of the annual ring is an indication of the annual rainfall 
Ihis is the site whence was cut down the oldest Sequoia, aged 3,200 years By this means Professor Dou“cal“ 
back the laiufall records and also, perhaps, the solar activity 



A TREE AGED 2,800 YEARS * 

Doug hs f log , which . h ^ d S rown for 2 > 800 The tree had fallen about six years earlier Professor 

Douglass hopes to be able to test sections of fossil trees also, and so gain knowledge both of the rainfall on the Earth and of 

the spottedness of the Sun for thousands of years 
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MARS IN 1916 


The Planet Mars resembles the Earth in having white polar caps that resemble snow and ar 
pro ably hoar frost Eike the Earth it turns in twenty-four hours very nearly Its atmospher 
is very rare and very transparent, so that the features on its surface can at most toes dear! 
recognised Thus, in the first four drawings there is a very dark patch bordering on the norti 
polar cap which has been given the name of the Acidalium Sea 


In the waning 
years of the solar 
cycle 1901-1913, 
Professor G E 
Hale, of the Mount 
Wilson Observa- 
tory in California, 
found that about 
60 per cent of all 
sunspots are twin 
groups, the single 
or multiple mem- 
bers of which are 
magnetically dis- 
similar , also m 
that cycle (the one 
preceding the cur- 
rent cycle) the 
“ leaders " of sun- 
spot streams m the 
northern hemi- 
sphere of the Sun 
were of minus sign 
(corresponding to 
the N magnetic 
pole of the Earth), 
and the " trailers " 
of these same 
groups were of plus 
sign , for streams 
m the Sun’s south- 
ern hemisphere, 
the ''leaders” were 
of plus sign, and 
the " trailers ” of 
minus sign That 
is to say, in the 
case of such ” bi- 
polar ” groups the 
magnetic polarity 
of the two chief 
members is reversed 
for opposite sides 
of the solar 
equator 

Then a strange 
thing occurred In 
1912, ]ust as dead 
minimum set in, 
there was a sudden 
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reversal of the magnetic polarity — the 
“leader” spots of a stream in the 
northern hemisphere became of plus 
sign, and of the southern hemisphere 
became of minus sign , the northern and 
southern hemispheres changed over as 
regards the quality of their magnetism 
It was as if the cyclones and tornadoes 
north of the Earth’s equator were suddenly 
to whirl clockwise instead of counter- 
clockwise The Sun has been found to 
have a magnetic axis, and its inclination 
to the solar axis of rotation and its period 
are known The Earth and the Sun, 
rotating m the same direction, are magnets 
of the same polarity, with magnetic axes 
which fail to comcide with their rotation 
axes 

This reversal of polanty in 1912 sup- 
plies another indication that the cause of 
the sunspot cycle has its scat within the 
Sun Wc do not know if it will again 
reverse at the approaching minimum It 
may be worth while to point out that in 
this last cycle now drawing to a close, the 
northern hemisphere has proved the more 
active , for scvcial previous cycles the 
southern was steadily the stronger It is 
possible that the relative activity of the 
north and south may depend on their 
magnetic signs But this suggestion 
cannot be established or proved erroneous 
for several years to come 

If a photograph of the Sun is taken 
m the spectrohchograph in Ha light, i e , 
the light of the red line of hydrogen, a 
picture is got of hydrogen fiocculi, and the 
examples reproduced arc those obtained 
by Mr Evershed at Kodaikanal in India 
On the series are seen sunspots, hydrogen 
fiocculi, and long curved dark markings 
due to absorption by hydrogen, and this 
hydrogen is seen on those pictures taken 
in 1919, May 27-29, as a great promin- 
ence, the famous one seen on the eclipse 
photographs of that year These features 
alter their positions and shapes from day 
to day, on May 11 the dark absorption 
marking forms a great semicircle, partly in 
the northern hemisphere, partly m the 



Licrslucl] [Royal Astronomical Society 

TH1J SUN IN HYDROGEN EIGHT 
A. photograph of the Sun taken by means of the spectroscope m 
hydrogen light and showing dark markings which are due to absorption 
y ydrogeu vapour Note that these dark markuigs form a very 
broken circle 



[Royal Astronomical Society 

the: sun in hydrogen eight 

This photograph was taken two days earlier than the upper one 
and shows the dark hydrogen markings near the eastern edge of 
the Sun Note the light hydiogen flocculi lying in broken bands 
across the Sun’s disc 
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southern, and about the middle of its curve 
is a large sunspot with bright hydrogen 
flocculi attached to it Mr Evershed 
computes that these absorption markings 
were lymg about 30" higher than the spot, 
but both spot and absorption prommence 
were turning through 14° 28 a day— that is 
almost exactly the amount found by E W 
Maunder and the writer for the “ recur- 
rent ” groups, those whose exciting cause 
lies deepest in the Sun Mr Evershed 
says that these dark markings often appear 
to " form the outer boundaries of the 
regions of sunspot disturbance, their curved 
linear forms bending round the preceding 
side of a sunspot group and trailing east- 
wards on either side, as though the spots 
were surging through a liquid sea and 
causmg a diverging wave on either side 
It is difficult to avoid the conclusion that sun- 
spots, flocculi and prominences are all mani- 
festations of the same disturbance emanating 
probably from the interior of the Sun " 




J Evershed ] [ Royal Astronomical Society 

THE ECLIPSE PROMINENCE ON THE SUN’S DISC 
AND EIMB 

Prominences are closely connected if not identical with the dark 
absorption markings due to hydrogen This pair of photographs 
shows the great prommence on the Sun’s west limb on May 16, 
and on the Sun's disc on May 11, 1919 


J Evershed ] [Royal Astronomical Society 

THE GREAT ECLIPSE PROMINENCE OF 1919 
During the eclipse of the Sim of May 29, 1919, a very fine prominence 
was seen on the Sun’s eastern edge This was a long lived pronu 
nence and was photographed by the spectrohehograph for several 
days before and after the eclipse 


In a total eclipse we can see not the 
Sun itself but its surroundings, and here again 
we find such influences proceeding from the Sun 
and building up the structure of the corona 
in obedience to them In the SSE quarter 
of the eclipse of 1871, December 12, a leaf- 
like group rises above a bright semi-circular 
arc, and much fainter arcs can be discerned 
rising above the lowest one, and above these 
the sides of the coronal structure are curved 
as if they would meet Similarly in the 
eclipse of 1898 m India, such leaf-like curves. 
— “ glass cases ” as they have been familiarly 
described — were seen in photographs of the 
lower corona, and on some small scale photo- 
graphs, taken by the writer for the purpose 
of obtaming the outer corona, these curves- 
were found to taper as if tending towards an 
apex, but instead of reaching a final point,, 
appeared to be blown out and driven away m 
a straight line mto space The longest beam 
there photographed was traced for at least 
six million miles 

We cannot ever see these various features 
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Prof Philip Fox] lYcrhes Observatory . . ,, 

CALCIUM SPECTROHEWOGRAMS OP &nCi ca lciUm, the Prof Philip Fox] [Yerkes Observatory 

W ™ ° E flames of metals and CAiao “ SFEpflOHEUOGflMis or 

ss.SeSESnu’tatS hydr ° sen ’ *" 

are sunspots almost hidden by the calaum spond to the deep f aJaul J 1 makings and the sunspots have moved 

and there are small calaum clouds all over underlying disturb “wards the right hand The two biggest 

the Sun underlying disturb- calaum clouds and the enclosed sunspots are 

ance Remembering almost ill the same longitude but in diffcrait 

the facts brought hemispheres 

forward by Professor Hale that the ‘'leader” and “trailer” of a stream in one hemisphere are 

howfhTf Pd ~ aS e 1 ? d 1 CrS ° f StreamS in dlfferent hem ispheres, we can understand 
o the same disturbed area may feed the coronal wings with particles of different signs, which by 

their mutual attraction give rise to the rod-hke beams that issue from it When these parcels of 

fi, eC ? C , partld T eS ’ charged with different signs, cross the space that separates the Sun from a planet— 
the Earth or Jupiter— what happens to indicate their arrival ? 

First, the Earth We have long known that a magnetic needle will point nearly due north and 
south if undisturbed But it does not remain undisturbed for long, for day by day from about nine 

the m0rmng tlH about two m thc afternoon there is a feeble swing of the magnet to the west, and 
— during thc remain- 

ing hours it creeps 
back But thc 
extent of the swing 
is greater in sum- 
mer than in winter, 
greater at times 
when there are 
many spots on the 
Sun than when there 
are few Terrestrial 
magnetism con- 
forms to the 11 -year 
solar cycle On the 

Prof Philip Fox] [Yerkes Observatory Sun every nOW and xw Pkt u-h bv,*i rp „„„, , , ,. c , 

eA^auM sPEcmom^iOGRAMS OF then— we cannot CALCIUM SPECTROH-RT.mr. -R AMR oiT 

northern and southern hemispheres have nmved ' I ? DreaKS out the parallel calaum bauds farther to the west , 

past the central meridian into the western pUSSCS across *he eastern hemisphere of the Sun is nearly 

hemisphere the disc into the deVOld 0f them i T ?i * orthem s P° ts are 


of the Sun in their 
relative positions all 
together, yet we can 
judge with proba- 
bility that the 
broad bases of the 
coronal wings are 
outlined roughly by 
the dark absorption 
markings, and in- 
side these boundaries 
the various streams 
of sunspots, the 
clouds of hydrogen 
and calcium, the 
flames of metals and 
hydrogen, all re- 
spond to the deep 
underlying disturb- 
ance Remembering 


forward by Professor Hale that the 


Prof Philip Fox ] [Yerkes Observatory 

CALCIUM SPECTROHEIylOGRAMS OF 
THE SUN 

Taken on September 1, 1908 Note that the 
two great calaum patches in the Sun’s 
northern and southern hemispheres have moved 
past the central m endian into the western 
hemisphere 


Prof Phthp Fox] [Royal Astronomical Society 

CALCIUM SPECTROHEIylOGRAMS OF 
THE SUN 

Taken September 2, 1908 The Sun has turned 
the parallel calaum bands farther to the west , 
the eastern hemisphere of the Sun is nearly 
devoid of them The northern spots are 
almost hidden 
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unseen hemisphere, and may cross and recross it several times , we know it to be the same spot by 
its solar longitude and latitude On the Earth every now and then, without warning, the magnetic 
needle becomes violently agitated , we have a magnetic storm, which lasts for some hours or a day or 
two, and dies down, and the needle swings again with a gentle throbbing, to and fro, until another 
unexpected storm agitates it afresh Are these unexpected events connected m any way ? They 
occur sometimes together and sometimes quite separately We can recognise a spot when it returns 
to the visible hemsiphere , can we recognise a magnetic storm again ? 

We can recognise it, and m just the same way as with sunspots, as E W Maunder has shown 



Prof Philip Fox] 

CALCIUM MARKINGS ON THE SUN [Royal Astronomical Soaety 

in roilia follow^tiSe^cmS 6 ° f ^ f 11 ^ calaujn markings on me photographs of the Sun taken 

rotation penod for the Sun not very different from su^^though ttey he* atT^gha^V^tiie ^^o^ “ 
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[luitish ishunoinual Is buuntion 


\\ l lintl that the colon, i \ancs with the solai ijclc \\ hui then 111 in my spots on the Sun Hit eoiona is layed like a star , 
when the Sun is quiet md there aie no spots upon it thin the gnat annual sticamus sum to fold tlianselves about the Sun’s 
ujuutor In the picture the lirst column shows the eoiona .it sol n maximum , the suoikI column, when the Sun’s activity 
is on the decline , the third, when it is at minimum mid the tomth, when it has iea\\ ihcmd Note t specially the maximum 

uhpse eh 18fM and the minimum ot 1878 and 1880 


I lie turn* between the return ot the spot to the same place is the appaient tune that it takes the Sun 
to turn on its avis, and that is the time that occuis over and ovei again as the mtcival between 
successive magnetic storms In the two diagrams (page 140 top), m eat h c.ise the length of the paiallel 
lines represents one lotation of the Sun , the dots give, m that rotation, the longitude of the centre 
ot the Sun’s disc— in the one case of “ rocurunt ” groups, whether they were north or south , m 
the othei case foi the time of beginning of a magnetic storm I he two dugiams are not for the same 
dates, so there is no actual connection between the two sets ot phenomena, but it is obvious that 
it thcic are no labels attached it would not be possible to say which i elated to sunspots and which to 
magnetic storms , their motions and the variations of their motions are ot the same order On a 
particular region of the Sun some commotion occurs sunspots, lacuke, llocculi, prominences, are 
found , above the disturbed area a great petal- like streamer ot corona anscs, and its apex drawn 
out into a rod-like ray, containing parcels of charged particles, which extend from the Sun to distances 
which may be expressed m scores or hundreds ot millions of miles When those parcels of charged 
particles overtake and strike that part of the hartli where the Sun is setting (since the Sun turns 
on its avis in the same direction as that m which the Earth is levolving in its orbit), a disturbance, 
more or less violent, occurs of the Earth’s magnetism 

Such disturbances may be visible as aurora: on the Earth, and in the 70 years’ dearth of sunspots. 
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lacking Au- 
rora as well 
as magnetic 
storms obe^ 
the law of the 
Sun’s rota- 
tion, and this 
could not be 
so it the influ- ,8 ^ 
:«iv e n c e that 
brings about 
our magnetic ^ 
storms and 
aurora.* pro- 



L II Maunthrj [Rowil As/tunowinil Socuh 

SUNSPOTS \ND MAGNETIC SlORMfe 


F W Maundt\\ [Royal A tone mt cal Society 

SUNSPOTS AND MAGNETIC STORMS * oxuKivifc. 

The horizontal lines each represent a lotation of needed equally Ihe houzontal lmes and the scale of longitudes aic 
the Sun marked out m longitude bv the scale at from tverv smne as for the P re cedmg picture, but the dots 
the top The linked dots arc long lived sunspots £ ^ novv represent the beginnings of magnetic storms 

whether north or south OX tile SO- on the Earth 

lar surface and 

was radiated fiom it equally in all directions It follows that both magnetic storms and aurone 
are brought about by an influence which arises from restricted areas of the Sun’s surface, and is dis- 
charged from such areas in restricted directions Further, Mr Gavin Burns has tabulated the 
records of' auroia of the years 1916-1919, in accordance with the solar rotation, and his tables show 
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THE BUTTERFLY DIAGRAM [^7 Astronomical Soculy 

Each vertiad lme repiesents a sunspot whether great or small occurring m the lotationof the Sun and m the latitude 1101th 

h ^ at eadl r ih ° n *T the0ne before 11 aud ^ one after xt wl ^hout any possibility of doubt 

rsote that the south seems stronger t han the north 
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TH15 CORONA OR 1871, DECEMBER 12 


[Royal Agronomical Soculy 


This is a thawing made by Mr A C Ranyard and Mi W H Wesley from the photographs taken by I,oid Emd say’s expedition 
to Baikul to observe the eclipse of 1871 Note the arching prominences iu the lower left hand quarter of the eclipsed Sun and 
the series oi arches above them formed by coronal material Note the bright loop m the east north east quadrant Note tl e 
black straight rift m the west north west quadrant The coronal streamers have almost masked the polar rays but those at 
the Sun’s north pole aie distinguishable Note the prominences near both the noith and south poles of the Sun 



A CORONAL STREAMER [hoyal A shonomical Socul 

This is an enlargement of the north-west coronal streamer of the eclipse of the Sun of 1871 io * 

xn negative, for the artist, Mr W H Wesley, drew the bught ASdSfc' „ toe Thewhitfste 

? ght u 1 K? °/i ^ piC ? re v 1S the V 5 Iy black streak seen m the west north-west quadrant of the preceding picture Th 
streak is probably due to absorbing matter and its straightness is in sharp contrast to the natural cJve of to! Siro^ seen^ 
the left side, the leaf like structure arching over an active region on the Sun 
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that the greatest displays synchronised with the ictum of certain special meridians to the centre of 
the Sun’s disc , other meridians on the Sun appear to leave our atmosphere quite undisturbed The 
Sun is structured, not only as between the northern and southern hemispheres and as between different 
latitudes, but, as regards its emanations, as between some of its longitudes also 

Besides this influence on magnetic storms and aurorae, in two other cases there are indications 
that the state of the Sun’s interior influences the conditions on the Earth In the first case, in 1909, 
E W Maunder showed that the cyclones of the Indian Ocean present several striking instances 
of the recurrence of the cyclone at the interval of the solar rotation as it appears from the 
Earth Thus cyclones occurred on the following dates 1865 December 8, 1866 January 6 
February 2, March 3, and March 30, and it is improbable that such a sequence should be wholly 
accidental, especially as there were no other cyclones catalogued for the half year 1865 October to 
1866 March 

The second case is that in which astronomy, meteorology, and botany, iom Professor A E 
Douglass desired to understand the variations of the Sun through their correlations with climatic 
phenomena As the science of meteorology is still comparatively new, lie sought botanical aid in 
order to extend Ins knowledge of weather changes over hundreds and even thousands of years by 



[4 S D Maunda 


TH1{ J,ON(r corona:, ray 

ecta.i 1 bj ^ W 11 Wc S ey fl T th \ siua11 st ‘ Jt corou ‘ l1 Photograph taken by the writer m India m the 

eclipse of 1898 The coional streamu in the sonth-webt quadiant is petal like at its base, but the tip of the petal extends, 
outwards 111 a lod-likc mv foi at hast six millions of miles 


making use of the dependence of the annual ungs of tiees in dry climates on the annual rainfall He 
investigated chiefly the pines and sequoias of northern Arizona, and his argument was that the tree- 
rings measured the growth and the giowth depended roughly on the amount of moisture Only the 
yellow pines and the sequoias extend back beyond the first telescopic observations of sunspots, and 
from the yellow pines he finds an 11 4-ycai cycle, and in addition, for 60 years following the year 1660 
(corresponding to the 70 years’ dearth of spots) the curve flattens out The sequoias also show this 
flattening but for the years 1670-1727 It wdl be noted that in the case of pines and sequoias both, 
there is a lag before the long minimum of 1645-1715 takes effect In certain wet climates, where trees 
give 'a good record of the solar cycle, we find that the maximum ring growth is three years m 
advance of the solar maximum 

Professor Douglass says “ The yellow pines of Arizona give evidence that 500 years ago the cycle 
was operating very much as now The sequoias, if correctly interpreted, already carry the history 
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back some 3,000 years, and beyond that fossil trees may stretch the time covered, in part at least, 
into millions of years ” 

Leaving the Earth and its meteorology, the next planet beyond is Mais, and in 1916 E M Antomadi 
(the most skilled and careful areographer of the present generation) detected an agreement between 
the erratic melting of the snow caps on Mars and the solar cycle Out of 21 cases observed of the 
melting between 1862 and 1914, 17 are favourable to the agreement m question 

The solar cycle m tree-rings and in the melting of the snow caps on Mars maybe due rather to the 
relation of solar heat to solar activity than to the action of parcels of charged particles sent out by the 
Sun But m the case of the next planet, Jupiter, the effects produced are not a case of much or little 
heat, but of changes, m my opinion, excited by emanations of such particles from the Sun 



Prof x'tmup t>ox j 

THE YERKES WAY OF MEASURING Fpoccuy [Ycrkcs Observatory 

r.!i2y, < T 1 T 1Ch 'i SOlar photo8rapl ^ s ar ? lneasured accurately m a miciomctei so as to get the latitudes and longitudes of suiisnots 
Calcium floccuh are immense shapeless clouds and it is not possible to measure them in this way! 

the spectrohehograms are piojcctcd neatly upon a ruled globe as shown 


- r Stanley Williams pointed out m 1899 that the north and south equatorial Belts are given 
o an interchange of their colouring When the north equatorial Belt is intensely red the south 
equatorial Belt is not only devoid of red, but even bluish , later, in two or three years, both Belts 
are equally reddish then again in two or three years’ time the south is intensely red and the north 
bluish and so on In the intermediate stages when both are reddish the equatorial Zone may take 
on a tawny hue actually when the south equatorial Belt is changing from red to very red, and the 
north from red to blue, but not conversely), and in 1920 Mr Williams investigated this colour change 
also For the colour cycle m the Belts he gets 12 18 years, and for the Zone II 95 years, but the 

does Mr Wm ° ne TH m ^ ^ by ° ne 01 m0re year *’ J ust as the cycle 

does Mr Williams attributes these changes to a " seasonal ” effect due to Jupiter’s revolution 
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round the Sun in 11 Sbyeais But Jupiter’s axis is nearly perpendiculai to this orbit, so that no true 
seasonal effect can be produced on his equatorial Zone and Belts, and though the eccentricity of his 
orbit is three times that of the Eaith’s, the general change in heat from perihelion to aphelion should 
not affect differently the north and south equatorial Belts, seeing that they are equally presented to it 
In the case of the Sun we saw from “ the Butterfly Diagram ” that the cause of its changes must 
come from within, so on Jupiter the cause of the changes in his equatorial Belts must lie within him , 
it cannot be any general in fluence impressed from without If the changes on Jupiter are at all related 
to the Sun then they 7 must be brought about by solar influences which act differently on Jupiter's 
northern and southern hemispheres, because these arc different the one from the other 

In December 1922, E Hubble, of the Mount Wilson Observatory, California, published his 
im cstigation of the sources of illumination of diffuse nebula- which had bright stars mi oh ed m them 
He found that the stars were the cause of the illumination of the nebula. , that these le-emit 01 reflect 
exactly' the same amount of light as the stars shed upon them at any point, and as a rule light of the 
same quality He also found in his study of nebula; of more definite form surrounding central stars 



rrom ‘ K non ledge ”1 r W~'r~“ ~ , : 11 — ■ ■ 

, \Dy pemtmon of the -Is ttonomer Royal 

GREENWICH OIJSUKA atory fii-ty years ago 

On llu. light Is FUmsttul House, tin ongiinil obseivutoij built by Sir Shnstopher Wren On Jtsiuul an >11111 llii'vvuif’ 

*» the" fwidamcutaf telescope oM^G^Th 

ohsenators llic dome, like a jra* nuclei, housed the largest instiumcut then at Greenwich, a 12 ? inch rtfincloi 


known as planetary nebuhe from their disc-like appearance bearing rough resemblance to planets 
that their luminosity is apparently excited by the radiation from those central stars of streams of 
electrically charged particles It would not be surprising therefore if we should find that such 
emanations from the Sun -which cause aurora- and magnetic storms upon the Earth also produce 
effects upon Jupitei, and become evident to ns there in changes of colour 
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THE ATMOSPHERE OF THE SUN 

By C P Butler, ARCSc, FRPS, FRAS 


To the observer at ordinary times, without optical aid, the Sun appears only as a brilliant disc, 
which may at intervals exhibit dark markings known as sunspots Occasionally the Moon, coming 
m between the Earth and the Sun, completely obliterates the disc, and it is during such Total Solai 
Eclipses that indications of the presence of something outside the Sun's edge must have been presented 
m past ages to all who were sufficiently interested to observe the phenomenon 

Unlike the sunspots, however, of which we have records from very ancient tunes, no authentic 
record appears to be existent concerning observations of any projections beyond the Moon's daik 
limb, except that of the corona, which has been certainly recognised since the days of Kepler about 
A D 1600 


At the eclipse which occurred on July 8, 1842, we have the first accurate description of three 
rosy-red protuberances , projecting some distance 
beyond the edge of the dark Moon For some time 
later opinions still varied as to these features be- 
longing to the Sun or the Moon, but it was definitely 
settled at a subsequent eclipse that they were part 
of the Sun s surroundings, because they were 
found not to partake of the motion of the Moon 
as it passed over the Sun during the eclipse 

More careful observations served to prove that 
these ros}' flames or protuberances were only the 
higher portions ot what appeared to be practically 
a continuous ring of gaseous material, very close 
to the edge of the brilliant solar surface Soon 
after measurements made with telescopic apparatus 
furnished the mfomation that this layer of seem- 
ingly coloured gas had a thickness of from 3,000 
to 5,000 miles— not a great depth considering the 
Sun's total diameter of over 866,000 miles 

In spite of these facts many otherwise well- 
informed people continued to believe that the 
projections might be caused by irregularities on 
the Moon's edge 

All doubt, however, was finally dispelled by the 
satisfactory observations made photographically 

a + nd ^ L * Rue , at the ecll P se of 186 °. m Spam The protuberances were toimcl to ho quite 

The 777 °! ^ Moon s motlon - and henceforwaid they weie regarded as truly solar appendages 

for verv r f n na U i? ° 1S neW advance actln g as a stimulus, immediate anangements were 1 made 
xor very extensive observations of all possible future eclipses 

nCX ; ecIl P se ’however, an additional method of research was lxmg perfected in the 

Xdftbe 4 P Tk yS1S ’ and at the eclipse 0f 1868 * was t0und that flu* solar surroundings 

One of th e ch !r S 7 77 ZT** ° f whlch sWd br * ht ^ i 

For thP 77 COnstltuents of thls atmosphere first recognised was the well-known gas, hydrogen. 

^ PrWed the hght ° f ^ pr0tube — ->uld not^ be due to 

par2onf e Dunn4 S ThT * ^ 1868 WaS JanSSen ’ Wh ° had nude Social spectroscopic pre- 

P During the progress of the eclipse he was stiuck by the brilliancy of the spectrum lines 



OPftN SI, 11 VVI1II PKOMINUNCb 

touucl that l>y widening the spoctioscopc slit tile 
complete structure of many piminnau.es could be seen at 
one obsavation, and changes m then foim mou easily 
dolt, etc (I 
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due to the solai prominences, so much so that he was encouraged to tiy again with the same mstiument 
when the eclipse was over, and the brilliant sun-glare again became ctfectnein masking all finer detail 
at the edge Next day he was able to test his idea, and he then made the successful and epoch-making 
discovery that the bright line spectrum due to the solar atmosphere could be observed with the 
spectioscopc whenever the Sun was clear, without having to wait for the occuiience of an eclipse 
Meanwhile, in London, Lockyer had quite independently devised the same procedure for seeing 
the prominences, and carried it out successfully This mutual discovery was commemorated by the 
French Government in 1872 by the special issue of a gold medal m honour ot the two astronomers 
The principle involved m this new method of observation lies m the fact that if a mixed source 
of light consists of continuous radiation and also monochromatic radiation (; e , light of any one colour), 
any increase of dispersion by means of a spectroscope will gradually reduce the intensity of the 



_ __ f/ if A Observatory Expedition 

SOtAR RROMINRNCIvS AND CORONA 

Photographed during Total Solai I^pse of the Sun by the expedition from the Lack Observaton , California Part of the bright 
chromospheric ring is well shown along the right hand top quadrant Several groups of prominences are seen, mostly of the 
quiescent type, and they arc distributed at widely different latitudes lound the limb of the Sun Ihe equatorial regions of 
medium latitude are those where the coional extensions are greatest The pi eminences are distinct fiom, and of different 

nature to the corona 
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SOIAR PROMINENCES PHOTOGRAPHED AT ECLIPSF OF mav ob . a J- Uar,Mrd aMli 

through a photographic telescope, with lens 6 inches dimeter and Ollte^ocM di ‘^ n „ eter - to reflect the sunhght 

are shown . the left one 1,U two sheaves of corn , the^ddR one^^Sl tX St^dg^lhc "ngStea 


Th^se brighttnes mli bfdtpe'rseTfo grTater 

in s r:;s:!sr at ^ colour is be - — - ^ 

we are generaUy most familiar, the Photosphere Wlth whlch 

Another prominent constituent gave a characteristic wlUw 1,™ „i„ * ,, 

ydlow to* doe to sodium, for whJL at thtoS^To tof Zl " m tS ? *>"«• 

chnstened Helium by Lockyer, one of its first observers is q ^ en ' was known, and it was 
in 1895 , that this line was literally run to earth by the chemist ^ ^ many yearS afterwards - 

S-ving the same yellow fine by th™ t im of ilt or amd o^ T *° prepare «“ 

Sfjsz 7 n,meraI sprmes “ vm °" s pkc “ » *■» E »* h - - r„rr„b t ^m ^ 

linage of each prominence by widening the slit The barkornnnri m n ^ see w ^°^ e 

increased so that a tom, * Ln ftornl wtab the^ml nS “ **» 

proved a very 6 rea. convenience, conduct , oddity of “ ^ “ tS ,*5? 

stnicture could be detected which nugh. be los, if successive settings toid to to *1 tSTZZZ 
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slit Moreover, when a complete prominence could thus be kept under obsmation, any changes, 
which aie often e\tremclj lapid, could be moio accurately detected 

In 1870 \ oung, m America, obsei\ed the total solar eclipse by the new spictioscopic method, 
and made the first record of the tact that, at the instant of complete obscuration of the photosphere, 
many hundreds of bright lines were \isiblc, amounting to what lie considered a complete ic\cisul of 
the ordinary dark luaunhofer lines Behe\ing that this was due to a definite layer sui rounding 
the photosphere, which by its absorption produced the dark line Fiaunhofenc spectrum, he called 

the stratum the Re- 
Vitsins* Laver Many 
attempts weie made 
to photograph this at 
subsequent i dipsos, but 
owing to the e\tieme 
difficulty of adjust- 
ment necossdiv to 
catch the exact instant 
when the lowest 
stiatum was un- 
coveied, tins photo- 
giaplnc lecoid was not 
obtained until it was 
made by Shacklelon in 
Nova Zombi a, in 1890, 
using a prismatic 
camera oi slit less 
spectroscope Subse- 
quent records ot tins 
) evening layer or flash 
spectrum, as it is lie- 
quently termed, have 
been obtained by Lock- 
yer, Kvcishod, Mitchell, 
and Dyson 

Systematic obsor- 
vations of prominences 
were instituted by fac- 
chim at Rome in 1872 
Records were made of 
their numbci, height 
and position louncl the 
limb of the Sun To 
define their positions, 
north was taken as 
zero, 0°, and angles 

, « - ... j reckoned by degiees 

through 90 at east, 180° at south, 270° at west, back to 360° or 0° again at north Accurate sketches 
■were also made whenever possible 




_ [7 he Ycrhcs Observatory 

GREAT SOIyAR PROMINENCE, JUXY 20, 1910 
Photographed with the spectiohcliogiaph at the Yerkcs Observatory, Chicago Ihc lust 
picture, bottom left, taken at lh 41m, shows the piomincnce with general foi m vciy 
surnlar to that shown on the Eclipse picture The othci sections indicate the rapid changes 
AArt dunug the next six hours, m the course of which it attained 
a height of 410,000 miles above the Sun’s limb On two of the pictui es poi tions appear to be 
floating in the chromosphere, quite disconnected fiom the Sun’s limb 


The work was continued by Ricco and Mascari at Catania, in Sicily, and testimony to the value 
of these Italian observations is found m the long series of prominence records published by the Italian 
Spectroscopic Society 



Photo by s 

ECLIPSE PROMINENCE AND CORONA, MAY 29 1919 \.A C D Crommhn 

T s e ‘r bnght eitensi ° ns ° utside «« 

the clay of eclipse The material appears to be oS from V6Iy rapid throughout 

giadually uses to form the complicated cloud like mass which runs almost oaraUpi 1 1 ° We J 5 end of the P rominenc e, and 

the material appear to fall and follow a curved S Shi ? th *™°° a s ed « e for ab °“t 30“ Then parts of 

*- Y rVY racK 1111111 tiLe ^ meet ^ Moon’s limb close to the coronal strpntn^rs 

the beautiful curved wisps falling inside the mam descending arch learners Note also 
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Long series ot observations 
were also made b\ Fenyi at 
Kalocsa, published in separate 
\ olumes from that observa- 
tory , by Evei shed’ at Ktoley, 

Surrey, and Kodaikanal, India, 
lecently published m an im- 
portant memoir ot the Ko- 
daikanal Observatory , and by 
bathers Perry, Sidgi eaves, and 
Cortic, at Stonyhuist Observa- 
tory, England 

Quite early in the lustoiy 
of systematic pionunence ob- 
servation it became evident 
that these objects could be 
divided into two mam classes, 
dependent on their general 
form and degue of activity 

These were called (Juiesi enl and Photo tv] r , , 0I 

Eruptive QimwcKNT and toujpttw* pkominunciW " s n 

Omesccnt nrommences i, e ?T 1>rtm “ uciiccb ar ^ sh ° wn cit thc hmb > onc snmll > 011 the othci much huger 

ymesunt promuu nets ait and loughlv conical Comparison of this pictiuc with the next will show th.it 

tile diffused cloud-llki masses the small piommuice is almost cxactl> the same shape and size m the two 

which are frequently observed I#hot ° Kral>hs 11 lba imminence lh.s t M ,c oltm lasts lor vc-uods 

ne.li the same places foi long periods without much evidence of violent change They may assume 

an infinite variety of forms, 
much as our terrestrial clouds 
do, from delicate' cirrus tiaceiy 
to great massive cumulus types 
Some times they are connected 
to the chromosphere by a 
slendei neck ot a series of 
columns , at others they ap- 
pear to he bodily on the surface 
ot the dnomospheie, though 
this may be due to the con- 
necting columns being out of 
sight on the spherical suitace 
ot the Sun Pionunences of 
this type are hequently fiom 
60,000 to 100,000 miles high, 
and at times masses are seen 
to form apparently by con- 
densation about tlieir position, 
with no evidence of having 

Photo by] [Yerhes Ob^ifvatory been projected from the chro- 

quiivSucnt and druptivi, prominencies mospheie 

While the small prominence is almost unchanged from the last photogiaph, the Eruptive’ pi eminences are 

laigcr pi eminence on the light is seen to have become entirely alteicd Its height j, . . y , 

has mu eased about thiee times, and the whole of its matciial appears to have been " ulxe tnbcincnveiy Opposite m 

blown about m diffcient dhections, due to some eruptive foice character to the quiescent 


Photo by] [Yerhet Obunatory 

QUIESCENT AND ERUPTIVE PROMINENCES 
While the small prominence is almost unchanged from the last photogiaph, the 
Differ pi eminence on the light is seen to have become entirely alteicd Its height 
has mu eased about thiee times, and the whole of its matciial appears to have been 
blown about m diffcient dhections, due to some eruptive foice 
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SPECTRUM OF THE SOIAR CHROMOSPHERE, MAY 28, UK)0 
Photographed by I«ord with a large telescopic camera having a prism placed outside the object glass The 1 night «u es aie 
images of the chromosphere in the spectrum lines of Hydrogen, Helium, Calcium, Iron, etc the tli fluent lengths ol the 
arcs are due to the vaiymg heights of the elements m the soldi atmospheie 

type They are seen to be in rapid motion, and most frequently they take the It uni of jelx 
These are often found m the neighbourhood of active sunspot groups, which may be mat the edge 
at the time, and there appears to be considerable evidence that many of them aic due to ejection 
from the sunspot areas In the records of their motions velocities up to 200 to ,*00 miles pei 
second h.a\e been noted At times these objects are so brilliant that with the xpectioxcwpe the 
bright lines due to their spectrum may be observed even on the disc ol the Sun 

Taking the diameter of the Sun's disc to be about thnty-two minutes of aic ( = 800,000 miles) 
the average depth of the chromosphere may be given as about ten seconds of arc, corresponding to 
about 5,000 miles 

The upper edge of this layer presents a disturbed appearance which has been likened to the edge 
of a saw Part of this may of course be due to disturbances of the telescojiic image juodiked by tin* 
unsteadiness of our own terrestrial atmosphere It is the laiger peaks of this disturbed stiatum to 
which we give the distinction of protuberances or prominences To make tlu observations more 
definite, it is usual not to count an object as a separate prominence, apait hom the chromospheric 
serration, unless it is higher than about twenty seconds of arc, say 9,000 to 10,0(X) miles, and tables 

of prominence lecoi ds must be inspected with 
this limitation m mind 

On October 7, 1880, Piolessiu \ <>ung, at 
Princeton, in Amenta, obseivcd a pmmincncc 
extending some thn tec n minutes oL an above 
the south-eastei n limb oi the Sun 'I Ins 
would be at least ,‘*50,000 miles high 

A prominence ol exceptionally actiu* 
nature was photogi aphed at two stations in 
India in 1910, May 20, by brushed, at 
Srinagar m Kashmn, and b\ Royds at 
Kodaikanal bragmenlai y details ot pionun- 
ence matenal aie shown at heights oi moie 
than eighteen minutes oi aic abou the solar 
limb Measurements of the < hanges shown in 
several of the recognisable ck tails indicate 
velocities up to 457 kilometres per second 
Another extremely high pi eminence was 
photographed by 0 J Lee at the Yerkes 
Observatory on October 8, 1920, which 
reached the height of nineteen minutes of 
arc, corresponding to 831,000 kilometres or 
516,000 miles It did not appear to be 



% permission of 1 ^ Ycrhcs Observatory 

ERUPTIVE PROMINENCE AND SUNSPOT GROUP 
Showing the association of the plume or fountain shaped eruptiv 
jeta in dose proximity to a disturbed sunspot group near th, 

* dg f ww f The + < L tiler P rom “ences seen along the Sun’: 
limb, farther from the spot group, are more quiescent 




QUIESCENT AND ERUPTIVE PROMINENCES 

f > ObscmUory,'' CWgo! on°S U1 mZ wT^lhe 

ir^ O s , e bo P utT 2 e 000 ISTSSIS r y / r ° m , the ^ Un,i Iirnb - but »“*> W rM ^ The theproSm^a 
rch is about 162,000 nul« above the Sun (c) The same prominence photographed only 18 minutes later, showing the 

material driven to a much greater distance from the Sun, to a hught of 281,000 miles S 
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associated with anj sunspots on the disc During its process of formation parts of it moved upwards 
from the Sun with velocities of at least seventy-seven kilometres or forty-eight miles per second 

Another great eruption occurred on the day of the total solar eclipse of Ma y 29, 1919, when the 
prominence illustrated was photographed at many widely separated stations This attained a height 
of seventeen minutes of arc = 760,000 kilometres = 470,000 miles, and also exhibited wonderful 
changes m the details of its structure 

Most of our readers will probably be familiar with the change of pitch of an engine whistle, 
approaching or receding from a station Similar changes in pitch are observed with waves of light, 
when the source which is emitting them is m motion towards or away from the observer In this 
case the wave-length or colour of the radiation is changed, and from the amount of this change it is 
possible to calculate the velocity with which the source of light is moving 



„ 5FT SPECTROHEUOGRAPH AT MOUNT WILSON, CALIFORNIA Ym *" O*™** 

Tlie mam portion is the spectrograph with collimator and camera 5-feet inner ^ 4* , , A1 _ 

brass disc to fit the image of the Sun In the middle is the ? * g 9 the right is the primary slit, with round 

isolating the special spectrum line with which the photograph is to be tSen^On IheteiTiIthe Bec ?® daiy for 

whol* instrument smoothly and mufo^y a g ?ofttfs “ on thel^'™” 8 


Such an application of Doppler’s principle, as it is called, has for many years been applied to 
determining the velocities found m the solar prominences Careful scrutiny of the spectmm lines 
shows that they are . frequently so altered as to appear drstorted, someth W s^STwS 
the red, indicating that the prominence material is travelling away from the Earth, at other times 

the Earth' 011 * the V1 ° kt end ° f the spectrum ' showing that the matenal is coming towards 

By combining these velocities in the line of sight with those determined in the plane normal to that 

idea ofThJ 11 ^! 1 la t ar ?r ^ thG dlieCt measurements of the changes m the prommences, some 
idea of the real motions of the gases in the solar atmosphere have been obtained 





GREAT SOEAR^PROMINENCR, MAY 26, 1916 

Six photographs taken with the spectrohehograph belonging to the Kodaikanal Observatoiy, India Duiing the eaihei stages 
the changes in detail are very striking, but one characteristic, feature persists throughout the series — the appearance of the 
gaseous matter being blown away over to the left side by some force from the right Notice the remarkable straightness of 
the plain streak on No 4, before the material begins to stieam away to form the arches Many of the fragmentary portions 
reached a height above the Sun’s edge of 480,000 miles During the eruption vanous portions of the prominence matter moved 

with velocities of 280 miles pci second 
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An interesting result of such calculations is to show that a great number of the eruptions on the 
Sun appear to be of spiral structure, sure indication of some vortical or whirlwind type of motion 
We shall see later that this is beautifully shown by other phenomena on the Sun’s disc, and evidently 
is one of the distinctive features of the solar activity 

Observations during eclipses show that although certain substances, such as hydrogen, calcium 
and helium, are present in all parts of the solar atmosphere, other elements, chiefly those of moderate 
atomic weight, evidently occur m localised strata, partly but not entirely in proportion to their atomic 
weight These lower layers show the spectra of sodium, iron, titanium, magnesium, strontium & c 
Although m general the spectrum of the chromosphere may be considered as being a reversed 
Fraunhofer spectrum, it shows many differences in the relative strengths of various classes of lines 



6*1 SPECTROHIjr, IOGRAPH AT MOUNT WILSON CALIFORNIA [ 0bservttl ° r v 
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0^hr“e»T„‘; b lltT d ' V " eenaeS “ lh,i preponderan “ <* »*at ™ Un K 

When an dement, for instance iron, is vapourised under different sources of heat say an ordinarv 

IXa, I Ct rr rC ’.° r the ^ fr ° m an mduCtl ° n ^ * » found that while many lines occS 
undei all these different conditions, there are in addition certain radiations which appear under 

paiticular circumstances The special lines which are shown in the spark spectrum of any element 
are known as the enhanced lines of that element P y element 

It is by following up such facts m the co-ordination of work m the physical laboratory and astro- 
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physical work in the obseivatory, that we aie enabled to form some idea of the relative conditions 
governing the various parts of the solar sui roundings 

The results obtained from a study of the distribution of solai prominences have given most 
intei est mg and important information in connection with the question of the solar activity Mention 
has been made in a former section of the regularity of distribution of sunspot areas It is somewhat 
moie difficult to determine the actual laws of distribution of prominences over the Sun’s surface as 
to some extent wo aie limited in only being able to observe these phenomena at the edge of the Sun 
All but the smallest featuies are then seen in projection along the line of sight, and some may even 
be onlj, the tops of very high prominences which originate either on the side of the Sun away from 
the obseivci, or on the side towards him, but hidden by the great glare of the photosphere 

For a gioat number of years, however, valuable observations have been accumulated by several 
obserurs, notably Tacchini at 


Rome, and Ruxo and Mascan 
at Catania in Sicily 

\11 tlu sc observations aie 
arranged to show the positions 
of the pi eminences lefciud to 
the tiue axis about which the 
Sun is known to iotati, and 
which has been accurately 
found irom the observations ot 
sunspots 

It will be lcmcmbeicd that 
sunspots are generally confined 
to what may be termed tin* 
intermediate zones ot the Sun's 
suifacc (coi re sponchng loughly 
to the tempciate zones of the 
Iiaith), between 5° and 40° 
latitude 1 m cithci hemisphue 
Sometimes, indeed, they occm 
m the equatorial zone, but it 
is \n\ lciiely that a sunspot 
is iound fuithei north oi south 
than 4”>° 

Pi eminences, h o w e* vei, 
suftei no such limitation They 
may occur at any latitude from 
the equator light up to the 1 
solai poles 

Iheie is some distinction 



between the zones ot occurrence oi the two mam groups into which prominences are classified The 
erupti\ c oi explosive prominences aie chiefly confined to the sunspot zones from the equator to 40° 
north or south latitude It is the so-called quiescent or cloud-like prominences which have the wide 
range of distribution m solai latitude from pole to pole 

Taking those piominences which do occur at all places on the Sun, and examining their positions 
from year to year, it is found that these positions, taken individually, show a regular change of position 
accoiding to the epoch of the solar cycle at which they are observed It must be understood that 
there is continual bnth and death of prominences, and it is their position which shows this regular 
change 
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DIRECT PHOTOGRAPH OF SUN, AUGUST 25, 1906 SUN PHOTOGRAPHED WITPI 5 FT SPECTRO- 
Taken at 6h 9m with all light, showing the black spots only HELIOGRAPH, AUGUST 25, 1906 

Near the edge may be seen small patches of blight cloud Taken at 6h 22m with the ultra-violet line of calcium 
material, the facuUe vapour (HJ In addition to the spots and the bright patches 

near the edge, bright clouds are now shown m many places 
on the body of the Sun, especially round the spots 

Two zones of activity are usually exhibited One following the sunspot variation more or less 
closely, and running from about 35° latitude just after minimum activity to low latitudes about 5° 
at some time before the next minimum The other starts at about latitude 40°-50°, just after 
maximum activity, and gradually changes to high latitudes, finishing at the poles m either hemisphere 
about the tune of the succeeding maximum 



By permission of] [ The Ycrkes Observatory 

SUN PHOTOGRAPHED WITH 5 FT SPECTRO- 
HELIOGRAPH, AUGUST 25, 1906 
Here we have the slit of the spectrograph set on another 
part of the calcium line (H fl ), which records the calcium 
vapour at a different level m the solar atmosphere, and 
consequently the bright patches have somewhat different 
shapes from those shown with (Hj) 



By permission of] [The Yerkes Observatory 

SUN PHOTOGRAPHED WITH 5-FT SFECTRO- 
HELIOGRAPH, AUGUST 25, 1906 

Quite a different appearance is presented when photographed 
with hydrogen (Hfi) The clouds round the spot centres are 
now dark . 


1 
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SSStlu TT m ?“ dl ^ ht ™ th »« 

mad. by Braun m 187 “ank later b^Loh^ ‘ P ? "f m0d,fel, ' ons «• appamta ™ re 

photographic ob.cn ations wa. attained for some Tvieniy yearT^ *” ^ orgaiusatIon of continuous 

an instrument con^tingT^ Hemh.d.msed 

strips of the solar image from one limb to the other thl k * CO “ tinuous senes of photographs of 
images had little distortion By p^ng tht Sun imh 7 ° u? S ° ^ regUlated that the 
possible to control the wave-length or colour of the light wtofh ^ spectrosco P e 14 was 

photographs could be taken in §M WhlCh WaS allowed to emer ^ so that 

any kind of light, from red to 
violet, just as it a colouicd 
screen had been mtei posed m 
the camera The ad\antage 
over a colouied scieen was 
that the requisite selection of 
coloui transmitted could be 
made much moie delicate, 
almost amounting to the isola- 
tion of a single wa\ e-length of 
light 

The instrument was first 
devised with the objec t of 
facilitating photography of 
prominences, and at its fust 
txial at Harvaul in 1800 was 
not successful owing to the 
faintness of the hycli ogen image 
then chosen ( ontmued study 
showed that all pionunencos 
were very rich in ultra-violet 
radiation, particular that of 
calcium as repiesented by the 
intense lines denoted H and Iv 
by Fraunhofer The improved 
mstiument, witli which veiy 
satisfactory results were ob- 
tained at Kenwood, is shown 
in an accompanying illustra- 
tion in a formei section (p 06) 

In this early instrument 

the arrangement embodied movable primary and secondary slits, while the solar image and photo- 
graphic plate were A\ed The new era of satisfactory delineation of both chromosnherp anH nm 
round the entire limb of the Sun may be thus dated from results obtamedwt^th^uKtra^r^uTlS® 3 
Almost immediately after this success, the principle of the spectroheliograph was extended to the 
portrayal of detail on the disc of the Sun Hale, and also about the same time XSnTl 2 £ 
Pans Observatory had found that ordinary slit spectrograms of the Sun's surface gave from time to 
time evidence of brilliant reversals of certain of the dark Fraunhofer lines, particularly the same 
H and K lines of calcium, and the ultra-violet lines of hydrogen 



Byperm^of I - g— - 

SOT,AR PROMINENCES WITH SPECTROHEUOGRAPH 

trace ot the solar corona, which has, up to the present tunc, only been detected 
(luring total eclipses of the Sun 
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Ordinary photographs of the Sun, taken with the whole of the light, show little moie than the spots 
and the bright patches of faculae near the edge As these were specially rich in the bright calcium 
radiation, it was soon found that pictures taken with these special lines through the spectroheliograph 
showed all the details, not only near the edge, but wherever on the disc of the Sun they happened to 
exist This was immediately seen to be a most important advance 

Great bright masses of cloud-like material were often found on the surface, which weie quite 
invisible oil the photographs taken by the old method with the whole of the integrated light from the 
Sun Some intimation of the presence of such areas had been obtained by the visual observations 
of Young and other solar observers, when they found bnght reversals of the H and K lines in the 
neighbourhood of sunspots on the disc 



By permission of [m Observatory 

DARK AN D BRIGHT HYDROGEN FlyOCCUXyl, OCTOBER 9, 1903 


Photographed with hydrogen light with spectroheliograph showing the strong dark and bnght hydrogen floccult sui rounding 
the great Sunspot 1 he vortex stream lines are well shown over a large ai ea The relations between the dark and bi ight patches 
enable the obseiver to obtain some idea of the lclative level of the nn\cd materials m the cloud regions of the Sun’s atmosphere 

Ordinarily the appearance of a solar photograph presents the bright disc, the black spots, and 
faculae or brighter masses near the edges This is shown m an accompanying photograph The 
appearance shown by the new spectroheliograms, as they are now called, when taken by the pure 
light of calcium or hydrogen, as the case may be, is illustrated by other reproductions 

Important differences are shown according to the individual spectrum line chosen to make the 
picture, as will readily be appreciated on comparing the results obtained with calcium and hydrogen 
on the same day 

While the general forms and positions of these bright clouds photographed with the new instrument 
appeared to be closely related to the faculae, it was not certain that they were identical, and to distinguish 
them Hale proposed to call them floccuh, from the chief characteristic of their structure in 
billowy masses 
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lines at Pans, a nd excellent pictuies were 

Progress with the new method was ramd an d f SOmewhat Cerent m design 
institute routine methods for the daily registration of the^T ° f d6tai1 ' and became possible to 

«„r"r 0 s^r t ed ? sohr ^ the the p “ a 

penod of the S„„- s rotafon „„ lts J ™ ^ ■“* <* *»e 

of the movements of sunspots, the results ind,r a f T , d ^ “ from the vaIues found bv means 

latitudes on the Sun’ s surface ° mdlC * ted Slmilar Hatton of rotation veloaty at di&rent 

The flocculi nearest the eqiutoi 
moved faster than others at 
higher latitudes in either hemi- 
sphere 

It was soon found that the 
work demanded foi its satis- 
factory prosecution a largei 
instrument than th.it at Ken- 
wood, and in the institution ot 
the new Yerkes Obseivatory oi 
the University of Chicago, about 
1895, Hale made piovision foi 
a spectrohehograph oi much I 
greater power 

The Yerkes leiiacting tele- 
scope, of forty inches aportliie, 
gave a solar image- ot seven' 
inches diameter, while- that at 
Kenwood was only two inches, 
and this involved cliflie alias in 
the design of the optical system 
to transmit such laige angulai 
sepai ations 'these weie over- 
come, and the resulting Rmnfoid 
spectrohehograph became the Uv «/ I 

medium of important advances A cucium m,occui,i on tiii; sun^ Y ‘ ,U " 0l>i ‘ rval0,y 

£ ZZZl ot 

Su? rr uw r- by Miy **** ^ 

uk ™ « "1 de,a “’ ai m * y be - - 

- *» - Hale and ^ ^ 

Evershed was the first , . / n g observatories of the world 

trials one was installed by Sir' No^LnYoTkycrtAhelolar 1 PhysS h Ob and a ? 6r T° US eXperimenta l 
and removed to Cambridge in 1913 Another of ™1; P 7 Observatory, South Kensington, 
Physics Observatory at Kodaikanal, South India, by ™ 2 to . neW Solar 

y 1 ’ who s P ent some time there instructing 





SUNSPOT VORTICES 

Showing the enormous size of two solar disturbances, with a spot at centre of each This spectroheliogram was taken in the red 
light of hydrogen (H a ), and is thought to represent the upper layers of the solar atmosphere These enormous whirlpools 
contain charged particles rotating in the vortex, thus producing a magnetic field m the region of the spot This modifies the 
radiation coming from the centre of the spot, causing the lines of the spectrum to become multiple m their structure The 
direction of the Sun’s axis is indicated by the line N S , and it will be seen that the direction of rotation of the vortex stream 
lines is opposite about the two spots, one of which is m the northern, the other in the southern hemisphere 
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the staff in astrophysical work Later, in 1908, Evershed was appointed Director at Kodaikanal 
and the subsequent development of solar and general astrophysical observation has provided a great 
amount of valuable data for future investigation 5 

There are also spectroheliographs installed at the continental observatories of Catania (Sicily) • 
ortosa and Madrid (Spain) , Potsdam (Germany) The Government of Japan is also considering 
the provision of similar equipment on a large scale for several branches of solar investigation It 
is also hoped that solar observations wll m the near future be organised in Australia and Russia 
After considerable experience had been gained by the work with the broad calcium line, which 
offered special facilities, attempts were made to utilise the radiation from spectral Imes of some of 
the other elements which were known to exist in the solar atmosphere First, of course, with the 



By permission of 1 r ,- t M 

MINUTE DETAII, OP CAIyCIUM Fl y OCCUI,I * " 5 **" 0fV 

With the large instruments now employed, the minute structuie of the solar surface can be closely studied This is apart fiom 
any of the great flocculi masses, and the whole of the Sun’s surface is dotted with these bright and dark specks of calcium 

vapour The appearance is called the solar r6scau 


lines of hydrogen, which m the earlier work had only been unsuccessful on account of the small power 
of the older instruments 

By substituting a diffraction grating for the dispersing medium in the spectroscope, very successful 
results were obtained with hydrogen lines, particularly with the red line H a 

The photographs thus obtained showed solar clouds with very similar forms to those taken with 
calcium light, but with the important distinction that, whereas the calcium clouds were bright, most 
of the hydrogen clouds were dark At times, in regions where there was obviously an eruption 
proceeding, and in the vicinity of disturbed sunspots, there were occasionally found bright hydrogen 
flocculi 

This curious result has provided material for much discussion, and the interpretation is still 
surrounded with difficulty The explanation most favoured by Hale, their chief observer, is that the 
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difference is chiefly due to differences of temperature The bright calcium clouds lie fairly low m the 
atmosphere of the Sun, and therefore are likely to be at a comparatively high temperature The 
upper layers of hydrogen giving the dark flocculi may, on the same supposition, be expected to be 
relatively cooler, and therefore show dark on account of their absorption of light coming from the 
incandescent photosphere below them 

In his early work on the calcium flocculi, D£slandres at Pans had realised that the K line used 
for the spectroheliograph was so broad that settings on different sections of it might give different 
results As ordinarily photographed on the body of the Sun, this line is dark and very broad, and 
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[H Ddslandm 

SPECTROHELIOGRAM SHOWING RADIAL VELOCITIES 
D6slandres, of the Pans Observatory, employs the spectroheliograph in a special way to obtain the velocities of the various 
solar vapours Instead of making the instrument traverse the solar disc with a uniform, continuous motion, as is ordmanlv 
done, he introduced mechanism to give alternate traverses and stops This gives a, series of small pictures of the ultra-violet 
spectrum, from the distortions of which he can measuie the corresponding velocities of the vapours by the application of 

Ddppler’s principle 
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wherever the spectroscope slit lies over a flocculus, 
it shows two very narrow bright lines, or, m 
some cases, a single bright line These are called 
reversals When a spot is near, or any pro- 
nounced disturbance, there is also a secondary 
dark core, called a double reversal 

If now the slit is set on the outer shading of 
the K line, we get a picture very much resembling 
the ordinary photographs of the Sun taken 
without the spectroheliograph When the slit 
is carefully adjusted on the central bright 
reversal, the plate shows all the bright calcium 
clouds on the disc Finally, if the instrument 
is sufficiently powerful, settings can be made on 
the central dark double reversal, showing all 
the areas on the Sun which happen to be in the 
proper condition for giving that effect, that is, 
the dark flocculi 




L x ernes uiucrvatoty XT j? i i , 

calcium fwx.com, WITH Hl light Now from laborator y experience it has been 

September 22 , 1903, 3h 40 m surmised that the width of a spectrum line may 

Shows the appearance of the calcium clouds when the be due to the density or pressure of the vapour 

secondary slit is set on the outer edge of the calcium line H,, _ j , ,, . _ 

registering only the lowei layers at greatest pressuie producing the line , the greater the density, the 

wider the line So if we set on the outer edge of 
the broad K line, we are probably utilising the radiation from the gases at the base of the solar 
atmosphere, where the density and pressure are most considerable When, however, we set on the fine 
centre line, we are only observing the extremely tenuous vapour of the upper layers of the atmosphere 
This idea has been developed, so that from a regular succession of such settings over any disturbed 
area, we appear to be able to obtain what 
corresponds to a series of contour maps of the 
material composing the disturbances in the solar 
atmosphere 

Investigations have also been made with the 
lines of other elements, for example, iron The 
results are interesting, but still more powerful 
instrumental equipment is needed for these 
narrow lines 

Realising that hydrogen being one of the 
constituents of the highest layers of the solar 
atmosphere, Adams made a series of spectro- 
grams showing the velocity of rotation with 
several hydrogen lines, at various latitudes along 
the solar limb The results were extremely 
interesting, as they showed that the hydrogen 
atmosphere was rotating quicker than the 
general layers containing the spots and facuke 

The difference amounted to about one degree 

per day at the equator of the Sun calcium flocculi wiLh h," light 

Further, it was found that the differences of September 22, 1903, 3h 3im 

rotational velocity observed at various latitudes Showing the calcium douds when "photographed with the 
■f/vr enn+e ___j r* _ 1 , , middle bright portion of the line H a Here strata at a 

for spots and faculse, did not show in these medium level are registered, and are much greater in area 
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measures on the hydrogen atmospheric stratum The velocity was nearly the same from equator 
to poles In the case of the velocity of the reversing layer, close down to the Sun’s photosphere, 
the difference in rotation period between 0° and 73° solar latitude was about si\ days , for hydrogen 
the difference for the same zones was only 1 3 days 

Hitherto we have only considered the spectrohehographic records of prominences at the limb 
of the Sun, and the bright and dark clouds on the disc 

Sufficient evidence is now available to make some progress in the correlation of the two phenomena 
In the case of eruptions there appears to be much evidence for thinking that the explosive prominences 
are directly associated with the disturbed areas m the neighbourhood of sunspots The type of 
evidence available is admirably illustrated by the composite spectrohehogram taken at the Yerkes 



BRIGHT CALCIUM' 1 tjLOCCUU, OCTOBER 6, 1903 


maSS ° f caicmm clouds was observed to be surrounding and overhanging the great sunspot group The details 
of the spot group show how it is broken up into separate umbra;, round which the floccuh cluster In this type of disturbance 
constant change is usually taking place, and series photographs me taken at short intervals to legister the details 


Observatory, showing an eruptive prominence in jets from the limb, and a disturbed area on the disc 
quite close to the origin of the prominence (page 160, bottom) 

As some dark hydrogen floccuh approach the limb of the Sun they are so frequently found to 
be associated with prominences at the limb as to suggest that they are really prominences seen in 
projection against the bright solar disc, absorbing some of the photosphenc light, and thus making 
the area covered by them appear darker than the rest 

In 1908 Hale published results showing the peculiarity of very definite vortical structuie in the 
streams of dark floccuh photographed with the H a line of hydrogen The appearance in some cases 
is most staking, and when observed m the vicinity of regularly formed sunspots, it assumes so definite 
a character as to suggest the lines of force seen when iron filings are scattered near the pole of 
a magnet r 
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Closer inspection showed that these hydrogen vortices are systematically arranged with respect 
to their rotation Those found round single spots m the northern hemisphere have their 
whirls arranged anticlockwise, while those similarly placed m the southern hemisphere are clockwise 
The appearances distinctly pointed to the existence of solar cyclones or vortices That this spiral 
structure is intrinsic to the hydrogen layer is proved by numerous cases where lower the calcium 
flocculi occupy exactly similar places on the Sun’s disc, on the same day, but show no trace of 
vortical structure 


The discovery of \ortex structure led Hale to suspect that these regions would be sources of 
magnetic phenomena, due to the rapid rotation of charged particles in the vortices 

A ready method of putting the matter to a positive test lay m the discovery by Zeeman that if 



'J Evers heti 


CALCIUM FEOCCUEI AT TIME OP StTNSPOT MAXIMUM 
Spectohehogram of the solai calcium clouds taken near the time ol maximum solar activity Aueust 10 1017 ^ 

general they appear to be inclined m the same direction to the west ’ 
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a light souice, emitting undei ordinary conditions a spectrum consisting of single lines, weie placed 
m a strong magnetic field, the single lines weie leplaced by multiple components, the number and 
separation of which depended on the direction and stiength of the magnetic field 

tor a number of ycais pie\ lously peculiarities had been observed in the spectra of sunspots, foi 
which no satisfactory explanation had been adopted Some of the lines were m idened, otheis doubled, 
and various othei modifications from the appearances of the lines in the ordinary Fraunhofenc 
spectrum had been classified It appeared that these new indications of the possible piesencc of 
rotating material in the vicinity of the spots might explain the cause of some of the diffeiences 



SOI/AK. VORTICES xounii sunspots ‘ s 

1>h ° t °8 l “l , I l showing the details of the volte \ streams louud the thiee huge sunspots 1‘rom a study of such 
pictures it has been detennmed that these vortiees pi educe magnetic fields m the sunspot ecnties, modifying the speetmm 
hues of the vapouis existing in the spots Also that the Sun itself acts as a feeble magnet 


This was actually found to be the case, and it was shown that the double lines, for instance, 
observed m sunspot spectra, were produced by the radiation having been undei the influence of a 
magnetic field Also, by comparison with standard magnetic fields m the physical laboratory, 
it was possible to artificially produce doublets, &c , of exactly the same separation, and thereby 
obtain accurate measurements of the strength and direction of the magnetic fields in the sunspot areas 
The great success of these observations of magnetic forces in sunspot vortices led to the design 
of more powerful apparatus, and during the years after 1909 a huge newspectioscopeand spectrohelio- 
graph equipment were constructed at the Mount Wilson Observatory in California, having a telescope 
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1£0 leet focal length, and a spectrograph 73 feet long With this it has been possible to determine 
that the Sun itself acts like a magnet , that is, at all parts of the Sun, as on the Earth, a compass 
needle would be constrained in a certain direction, pointing to the magnetic pole Hale was also 
able to prove that the Sun's magnetic poles do not coincide with the poles of the axis of rotation 
Still further impro\ ement of the apparatus has enabled the American observers to detect faint 
distuibances of the outex surface layers of the Sun’s atmosphere which appear to be far too small 
to produce anything m the nature of the commotion found even in a small sunspot of the usual type 
But, taking the Mew that any signs of cyclonic or \orticose rotation in the solar material might gi\e 
rise to small magnetic effects, special search has been made for them Only a short time ago Hale 
was able to announce the detection of what he calls invisible sunspots , a somewhat paradoxical name, 
but indicating that disturbances were present giving effects of similar nature to those shown by 
ordinary sunspots, but so weak that they did not develop so far as to become visible 

To obtain such results it has been necessary to take special precautions against the possibility 
of changes of temperature, 01 small vibrations in the apparatus Advantage has also been ta^en oi 
the immense impro\ ement m the quality and speed of photographic plates in recent years Some 
of the work would not have been possible with the plates of twenty years ago Now all parts of the 
spectrum can be photographed with almost equal facility, from the extreme red to the ultra-violet 
Some of the spectroheliograms are taken m the light of hydrogen (H 7 ), at the red end of the spectrum , 
while others requite to be taken with the ultra-violet light Iv of calcium, far away at the opposite end 



Drawing by] 

THE BOXING ST4.R [Scnv*» Bolton 

Seen m the " es . tem , skj > Venus terms one of the most beautiful spectacles that the Hem ens afford 
No other planet or star approaches hei m splendoui, and she attracts the attention of the least observant 


CHAPTER IV 

ZODIACAL LIGHT AND THE INFERIOR PLANETS 

By W F Denmng, F R A S 

T HE names of celestial discoverers in ancient times are nearly all unknown, and so are the dates 
when their discot enes were made Though certain obj ects and phenomena are supposed to hat e 
owed their detection to comparatively modern obserters, they must have been seen long before 
by people whose records are lost or who probably mistook their meaning and significance and did 
not realise the impoitance of what they saw The discovery of the Zodiacal Light has been attributed 
to J D Cassini, tt ho h\ ed m the middle of the Set enteenth Century, and who was, after Galileo, the 
leading astronomical observer of that time Childrey, in a ttork he published m 1661, called the 
notice of astronomers to the Light which he had observed in February and March for seteral years 
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But a long tunc betoie this, uz , at the end of the Sixteenth Centuiy, the celebrated Danish obsenei, 
Tycho Brahe, detected the appai ltion of the Zodiacal Light and had mistaken it for vernal e\emng 
twilight of unusual charactci 

The Light, however, is not a modern innovation, and must almost certainly have been noticed by 
ancient observers, though the\ piobably considered it an unimportant appearance, depending upon 
a mere condition of the ail The Chaldean Shepherds must have frequently remarked it during then 
ardent contemplations of the stais, but it is curious that the Light apparently received no proper 
mention and record If the phenomenon leally dates its first recognition from ancient times all 
historical mention of the fact is lost, like that of the discovery of Mercury, of the Aurora Borealis and 
other objects which are palpable enough to modern eyes Even the significance of meteors, staitling 
as they sometimes were in thou vividly luminous aspects, were in former days scarcely given attention, 
and were allowed to pass without anything beyond mere verbal lemark Considered to be trivial and 
temporary objects, purely atmospheric m their origin and character and due to inflammable gases 
there, the old observers paid little heed 
to such phenomena, though they con- 
templated the stars with keen interest and 
intelligent enthusiasm, and lightly con- 
jectured their primary importance and 
seemingly everlasting stability in the 
scheme o± Nature 

Humboldt says that he found the 
strength ot the illumination increase 
astonishingly as he approached the equator 
in South Amenca and in the Pacific In 
certain parts favourable to observations 
of this nature he described the bughtness 
as sometimes surpassing that of the lumi- 
nous sections of the Milky Way between 
Argo and Sagittarius, and the region 
of Aquila and Cygnus He considered 
that the variations which occurred m its 
intensity depended not so much on the 
observer's station as upon changing con- 
ditions originating in, and affecting, the 
phenomenon itself In tropical regions 
the Light is strongly presented, and it is 
in such places that the study of its forms, 
intensity, extent, and visibility should be 
conducted with all the skill and energy 

required to ensure success Some of the earlier observers— Laplace, Schubert, Arago, Biot, and otheis 
— contended that the Zodiacal Light had its origin m a vaporous, flattened ring situated between Venus 
and Mars, and Humboldt considered this the most plausible hypothesis to account for the phenomenon 
He termed it the “ Ring of the Zodiacal Light " Sir John Herschel, however, objected to this explana- 
tion, and said " I cannot imagine upon what grounds Humboldt persists m ascribing to the Light the 
form of a ring encircling the Sun ” Herschel, in his well-known “ Outlines of Astronomy,” described it 
as “ a cone of lenticularly (i e , lens) shaped light extending from the horizon obliquely upwards and 
following the course of the ecliptic, or rather that of the Sun's, equator The apparent angular distance 
of the vertex from the Sun varies according to circumstances from 40° to 90°, and the breadth of its 
base, perpendicular to its axis, from 8° to 30° It is extremely faint and ill-defined, at least m this 
climate, though better seen in tropical regions, but cannot be mistaken for any atmospheric meteor 



From ] [ "Knon ledge ” 

PHOTOGRAPH OF THE ZODIACAL TIGHT 
Veiy few photographs have ever been taken of the Zodiacal Tight 
This is tluc to its extiemely teeble luminosity, which necessitates 
vu> long exposures with ordinary lenses 




v _„. , , x TRANSIT OF MERCURY ] D 14 , NOVEMBER 7 [" Knowledge " 

glass ’ Mercury, Cever^Tnot orfy a * T^fe 01 ? 801, T be Wlth the ^ trough a da* 

only be observed through a telescope All that is then seen fr0 ™ us Consequently, the transits of this planet can 

cnsply against the bnght backgro^d of the solar surfacT t^ nLtoLX T°° th black disc st ^S «* 

~ - . ™t, *M-d M.a.'S, s , ssi° r '“ TOh ' * 



Splendour of the Heavens 


181 


or am ora borealis It is manifestly in the natuie 
of a lcnticularly formed envelope, surrounding the 
Sun and extending beyond the orbits of Mercury 
and Venus, and nearly, peihaps quite, attaining 
that of the Earth ” 

It is well that in recent times mankind has 
cultivated the scientific spirit and acquired the 
habit and appreciated the necessity and import- 
ance of careful observation Thus the great 
significance attached to many natural events has 
been pioved and their special characteis understood 
and acknowledged, whereas through the earlier 
ages of the world's history little or nothing was 
attempted with regard to observing and recording 
them in detail with a view to solving the many 
intci cstmg pioblems which the face of the heavens 
ofteiod for solution 

I he Zodiacal Light may be described as a 
glowing band, broad at the base near the horizon 
and getting fainter and nauowei as it stretches 
obliquely upwards 

In the spring months it is conspicuously dis- 
played aftei sunset on moonless evenings, and in 
the autumn it is obsctvahle before sunrise It 
flows ovei an extensive area, and may sometimes 
be tiaced from near the east or west horizon to a 



1)IFFKRKNT POSITIONS OF \ FNl S 
seen from the lCatlh, \ urns passes oltmiatch on 
the near and far sides of the Sun, and she is then said to 
hes respectively, in Infcnm ami Superior Conjunction with 
that body When at hei greatest apparent disUmce 
east 01 west ot the Sun, she is said to be m 3 elongation 
She then appeals high in the sky though llic Sun is below 
the horizon 



PHOTOGRAPH OF XHP, ZODIACAI, 1,1 GI1T 
Long e\posures arc not possible m photographing this object, since, 
its position m the western sky causes it to set quite soon aftei it first 
becomes visible m the twilight 


considerable altitude m the southern skj 
It vanes m intensity and visibility, being 
sometimes a striking phenomenon and at 
other times scarcely discernible Its ap- 
pearance is evidently subject to vanations 
dependent on the condition of the at- 
mosphere, and possibly on othei causes 
The Light is now believed to be a celes- 
tial feature, and has been explained on the 
view that it represents the diffused light 
l effected fiom mynads of meteoric parti- 
cles revolving in streams lound the 
Sun \i first consideration, this ex- 
planation might be thought insufficient 
owing to the tact that meteoric systems 
aie inclined at all angles But we must 
include the minor planets, of which an 
immense number probably exist, though 
not more than about 1,100 aie known, also 
the comets. of short period and the majority 
ot meteoric systems which do not move 
in orbits that are greatly inclined No 
doubt the space over which our Solar 
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System extends is rich in small planetary bodies, 
and the action of the large planets through past 
ages has been to draw smaller ob]ects into paths 
having little inclination In fact, the orbits of 
the minor planets, periodic comets and meteors 
must approximately correspond to the direction 
of the Zodiacal Light, and the latter phenomenon 
simply presents a feature which we might 
naturally expect 

The cosmic origin of the Light has been 
disputed by several astronomers, but the features 
of its appearance and position greatly favour, if 
they do not absolutely prove, that the object 
has its derivative source far outside the Earth's 
atmosphere and results from solar reflection on 
myriads of planetary atoms mainly distributed 
m directions nearly conformable with the plane 
of the Sun's equator 



F rom 1 [“ The New Heavens ” 

A EENS-SHAPED NEBULA 

Many spiral nebulae present their edges to our view, and so 
are seen “ in section ” rather than “ in plan ” It is always 
noticeable that they are, like a lens, thicker m the middle 
than at the edges, and there seems a certain analogy between 
this distribution of matter and that presumed for the Zodiacal 
Eight m the Solar System 



HOW THE SUN IS PLACED IN THE ZODIACAL EIGHT 
The Zodiacal Eight extends along the Ecliptic on both sides of the Sun, which v 
piace l u i 1 ! t e Cf 11 onl y observe one end of the Eight at any one time, the 

other being, with the Sun, below the horizon The portions of the Eight seen m the 
evenings and mornings are thus the opposite ends of one great continuous formation 


It has been alleged in 
opposition to the idea that the 
Zodiacal Light is a celestial 
production that it has been 
sometimes viewed to the best 
effect in a somewhat hazy 
atmosphere It was better 
defined on a November morning 
as seen from Clapham by 
Fasel than he had viewed it in a 
far more favourable atmosphere 
in Switzerland On the morn- 
ings of December 3 and 4, 
1916, the Light appeared un- 
usually brilliant to the writer 
at Bristol, though the atmos- 
phere was not favourable for 
such an observation 

The extremities of the cone 
extended to the stars in the 
Sickle of Leo or about 100 
degrees westward from the 
Sun, but from numerous obser- 
vations at the same place it 
appeared that the Light varied 
considerably, and was some- 
times seen to extend much 
farther than at others The 
testimony of different observers 
appears to be consistent m 
pro\ ing the remarkably variable 



SOME OED DRAWINGS OF VENUS. 

These drawings were made in the Eighteenth Century, m the early days of the telescopic study of Venus The thiee upper 
views are due to Sehrbter and show irregularities at the “ cusps ” and m the “ terminator,” or sunset lint, of the planet These 
Schroter attributed to the presence of mountains and valleys on Venus, but his estimates of their probable height and depth 
are now known to have been erroneous The two lower pictures show the large dusky patches observed by Bianchnu, and 
believed by him to be seas Similar markings, of a less definite character, have since been seen and drawn by many observers 
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character of the Light Its extent and visibility are liable to considerable alterations though 
its general form is similar Sometimes a striking feature, at other periods, with conditions 
apparently the same, it may be feebly discernible It seems highly probable that the illumi- 
nating power of the phenomenon changes from some inherent causes, and differences in our 
atmosphere must account for many discordances , but we can hardly explain in this wav all 
the pecularities of aspect which sometimes at short intervals the Light displays 

Humboldt, who watched 
the phenomenon from foreign 
countries, describes its as- 
pect as like “ a pyiamidal 
beam," and noted its sur- 
prising alterations of appeal - 
ance At stations where a 
dear ei atmosphere and bettei 
climatic conditions generally 
prevail the Light is stronger 
and admits of moie success- 
ful obseivation 

As already stated, dilu- 
ent authorities vary in then 
opinions as to the nature ot 
the phenomenon Wood 
thought it simply a mete- 
orological effect, and says 
"Masquerading thiough the 
constellations ot the Zodiac 
as though it weie a celestial 
object, we aie confronted 
with wliat is probably noth- 
ing moie impoitant than a 
column of atmospheric dust 
feebly illumined by the action 
of the veitical currents ot 
the Earth's permanent mag- 
netism in their passage 
through the atmosphere into 
space, directed by solar re- 
pulsion ” 

Lowe, at Nottingham in 
February, 1850, remarked 
that the Light was more 
brilliant on one night than 
it had been for the previous 

at°times ^ bnlhdnCy m periods of thllt y seco ^, so vanabk asto^be dZsfextinci 

mo^ mlI T m f remdrbed “ U 13 not P urel y meteorological, since its participation in the diurnal 
movement, its visibility m regions of the Earth over distances from each other and lastly its nelrl 
invariable inclination along the ecliptic indicate sufficiently that the cause which produces such 
appearances lies outside our atmosphere in the celestial spaces ” Produces such 
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If ter a Drawing] 

THI$ /ODI \CAT y IyTGIIT, SKTvN IN' THlv 1ROPJCS 

thTz^aaU 1 Sr-Tho?*' 1 ,° f th . Q , KLULnd sl “l ,e aud 'bstubutiou of lununositi in 
uie ^ociiaau Iyi^hl Ihc central ancl lower poitions of the “ cone ” aie alwavs thr 

th^Mdly tr-u ' 1 V rhc TirfV T 7 1 *° bL lummOUS than the brightest portions of 
7 ,,f C r ' 1Kh , t f ‘ ldts towards the edge of the cone and muges into the 
sk\ background more gradually than indicated m the pictuic 
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Proctoi says ot the Light that it 
presents that fan tinge of pink which has 
been recognised in the coiona " It has 
been observed to fluctuate in brightness, 
and to be traversed by fhckermgs analo- 
gous to the auroia This glow obeys all 
the usual laws observed m the motion oi 
all celestial bodies It rises and sets 
precisely as the stais do, and presents those 
peculiarities which force on the astronomer 
the conclusion that it is an e\tra-tcircstrial 
phenomenon It is a ling of meteors 
outside the Earth’s orbit revolving round 
the Sun ” 

The above may be taken as samples ot 
the views held by different vvi iters, and a 
latge number of other leieicncos might be 
made Observations ot the J wight are 
really abundant, but most of them lack 
the systematic character, fullness and 
accuracy of detail which aie essentially 
leqmred One ot the most diligent 
students, the Rev (1 [ones, published at 
Washington m 1 a book on the subject, 
in which ho gave ,W<> plates of the Light 



imio poorapic oi* mi, /onrvevT, i, rot it 

Nooitlmats phologiaphicluisbuug iapid enough foi the pm pose tl was 
ncccssui \ to use aluis which, though «i\ ,i,« giuil light giusp,wus <K 
itclnt 111 other \va>s Ibis luounts foi tlic distmlul shapisottlie st u 
images tm liotn tlu niuhlk oi the pu. tun on this mil pages 17 P mil I S I 



pho rcx.R \i»h oh uric zodiac At, i,ight 

It is only undci exceptional! v good atmosphenc conditions, and m 
fanly low latitudes, that satisfactoiv photoglyphs of such a imnl 
object aie obtainable The ibovc pictuic was seemed at the 
Obseivaton, m *Vii/ona, at a height oi ovci 7,000 feet 


as he obsuved it 1 he Zodiacal light 
cannot be described as a usually con- 
spicuous oi attractive phenomenon, 
though it is oiten voiy distinct and sink- 
ing at places specially tavoimng its 
visibility, and it invites tlu earnest con- 
templation of the appreciative student ot 
natuie T he l«ict is that this light is not 
one of ostentatious character It ma\ 
not arouse enthusiasm m the soul ot 
the individual who delights m bulhant 
spec lac ulai etlects Hut it speaks 
tellingly to the cleepei student of celestial 
wonders who legal els it as a beautiful 
object and an awe-inspmng one, for in 
its tai -leaching phosphoiescence he men- 
tally recognises mynads ot planetaiy 
objects i evolving aiouncl the Sun and 
pui suing oibits varying consideiably m 
distance, though not greatly inclined to 
the plane in which the Earth itself 
l evolves 

When a person recognises this light 
and cnduivouis to describe it with 
piecision, he finds himself confronted 
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with a difficulty The object spreads over an extensive area and its boundaries are indefinite, in 
fact, the blighter parts fade gradually and imperceptibly away into the general tone of the sky 
We can only roughly estimate, therefore, where the terminal lines are placed It is the same 
with all large faint nebulosities \n observer looking at the feebler poitions is apt to see them 
flash and to believe that pulsations and waves of luminosity run through them This, however, 
lesults from the inability of the eye to retain a steady hold or grasp of the faint object It is a case 
of momentary glimpsing These apparent rapid changes m luminosity aie not temporary variations 
m the thing itself, but are mere visionary sensations, due to the extreme tenuity of the light which 
is hovering on the border line of visibility and non-visibility 

The “ Counter Glow ” — This represents a feeble glow sometimes seen m the sky m a position 
opposite to the Sun, and obviously beyond the Earth’s orbit It has been found to be of 
an elliptical form, and averaging some twenty degiees in diameter 

In Septembei and October it has 
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been observed diffused over the 
region of Pisces, and also near the 
end of January in Cancer Observa- 
tions of this feature are not very 
numerous, and they give no certain 
clue as to the cause producing it, but 
it is probably due to the same cause 
as the Zodiacal Light, viz , the 
reflection from meteoric and planc- 
taiy pai tides moving m that part 
of their orbits outside the Earth's 
position An electric oiigm has also 
been discussed and the idea has been 
held that it lepresents a band of 
hydiogen and helium lcpelled from 
our globe by solar influences 

Another theory is that it is due 
to a swarm of meteors which 
accompany our globe in its orbit 
around the Sun, and continually 
letams the same position on the 
outer side of an lmaginaiy line 


A MAP OF MERCURY 


Few obseivcrs have been able to see maikmgs on Mercury with sufficient The SuhSnwrf Plnwpt Vnlrnn 

detimteness to be able to lecogmse them with the certainty necessary foi 6 supposed FianU 1 III can 

making a map of the planet’s surface However, the late Professor More than half a century ago it was 

Schiapaielli, observing in the clear sky of Milan, was able to do so, and the thouffht hiffhlv nmhahlp that n 

map shown above was drawn by him uiuugui mgniy prODaDie mat a 

planet existed revolving in an orbit 

between Mercury and the Sun Various observers on different dates had seen dark, roundish spots 

m tiansit across the Sun's disc, and it was said they exhibited lapid motion, and a planetary aspect 

which could only be explained on the inference that they were transits of an unknown orb 


passing xnrougn me sun ana li aim 


Le Verner had also announced that certain perturbations occurring in the motion ot Mercury 
indicated that a disturbing planet or possibly a zone of asteroids existed m the space separating 
Mercury and the Sun 


The observations made were by no means perfect, and they appaiently were inconsistent when 
cutically compared, but from the data available mathematicians endea\oured to deduce the orbit, 
and the suspected planet was proxisionally named " Vulcan " Le Verner computed for it a period 
of twenty da;ys The probable date of the next transit was given and careful watch was maintained 


Verna! Lquinox 
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A THEORY OF THE SEASONS OF MERCURY 

In order to account for the apparent direction of rotation of certain markings observed by him on Mercury at the end of the Eighteenth Century, Schroter suggested that the axis 
of the planet was inclined considerably to its path round the Sun, as is the case with our own Earth The effect of this would be to produce Seasons, and these would, m the case 
of Mercury, be of very unequal length and temperature, owing to the great variations m the planet's distance from the Sim The observations of Schroter have not been 

confirmed, and we are still m ignorance as to the exact inclination of Mercury’s axis 
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Al^KOALHLNC, IHlv lv\RTI 


•\\ hen Venus first comes into the evening sky she appears close to the Sun aiul shows a neaili lull disc m the telescom i = 
she approaches us she appears larger and less fully illuminated, and, up to the tune when she is a “ half moon ” is seen t other 
from the Su " Thereafter she seems to approach the Sun again, becoming meanwhile an ever larger but 

thinner crescent Ihc proportions in this and the succeeding diagram, however, a,e not d.awn to scale 


of the Sun s disc at the important time, but nothing was seen of a strange spot on the sohu suiiace 
For several jrears the supposed planet was made the object of systematic searching during the months 
of March April and September-October, which were regarded as the most likely periods for it to 
transit the Sun Absolute failure attended all the efforts made to obtain another glimpse of the 

During several total eclipses of the Sun the region neai the hidden soldi oib was surveyed with 
good telescopes, and on the occasion of the eclipse of July 29, 1878, it was announced by Watson 
and Swift that one, if not two, new planets had been detected In any case starlike objects had been 
und m places which did not agree with those of any known bodies After a good deal ot investigation 
and controversy, however, nothing could be proved from the new observations 



MSN US RESCINDING FROM 1HI FA.R1H 

solar rays reappears to th^welt 'ImT become^! mom ^ t t0 ' tuus ’ after bem S lost fot d few .lavs m the 

rough the same senes of changes m a reversed order, fining’ fuUv° £ “ 







“ VUIyCAN,” THE MYSTERY PLANET. 

About the middle of the Nineteenth Century much excitement was created on the astronomical woild by the anuouneuuuit 
that a dark body, of planetary appearance, had been seen m transit acioss the Sun’s disc Attempts were made to calculate 
the orbit of the supposed new planet, which many astronomers seriously believed to exist within the orbit of Mercury 
However, it has never been seen since its first announcement, and it is generally believed by astronomers to be non-existent 
During the past fifty years the Sun has been photographed almost daily, but no dark celestial body, other than the usual 

solar spots, has evei been found on the plates 
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Of recent }tars no fresh incidents 
ha\ e transpired to corroborate the exist- 
ence of Vulcan, and as a natural conse- 
quence the belief that such a planet has 
any objective reality lias been generally 
abandoned It could not possibly have 
escaped all the obsu\ations of late 
years Vulcan, that tore, in the absence 
of anj further evidence, must be regarded 
as a planet of fiction lather than of fact 
The theory of his existence was built up 
on doubtful and imperfect observations, 
which were never entitled to much 
weight The}/ have now been con- 
clusively negatived, and m the future the 
story will be rcgaided as one of the 
temporal y romances 01 myths of Astro- 
noni}, like the satellite oi Venus, the 
active volcanoes on the Moon, and the 
double canals on Mais 

Any mystc'i} that may have been 
attached to the above objects has long 
since been lemoved, tor they were all 
easilv explained as due to errors ot 
obseivation or of judgment A French- 
man, Dr Lcscarbault, was chiefly respon- 
sible foi the atfh niative belief m the 
hypothetical Vulcan, ioi it was his 
observation of the object, on March 26, 
1859, which led Le Vomer to work out 
its orbit and assume its existence The 
credit, howevei, merited by Lescarbault 
as an observing astronomer, can be estimated when it is stated that he announced to the Academ} 
of Sciences that, on the night of January 11, 1891, he discovered a bright body in Leo, which he 
concluded to be a new star or one suddenly increased in brilliancy The “ new star,” however, proved 
to be the ancient planet Saturn 1 

Mercury The discovery of Mercury dates so far back into antiquity that no iccord has been 
handed down as to the name or country of the individual who effected it Great credit is attached 
to the feat, for it needed acute vision, a comprehensive knowledge of the stars, and a discerning mind 
It seems very probable that, when the planet was first observed alternately m the morning and evening 
twilight, it was supposed that two different objects were involved The similarity of aspect and 
regularity of the apparitions must soon however have aftoided unmistakable evidence that one and 
the same body was concerned m producing them What a thrill of pleasure the first observer must 
have experienced, after all his watchings, m realising the novelty and importance of his discovery I 
And how intensely interested others must have been m corroborating it as the sparkling little planet 
shone out morning after morning or evening after evening and unfolded to willing e} es the true story 
of its existence Possibly one of the Chaldean shepherds was the happy discov erer, but the world 
has no historical account of it and, though we can applaud the feat accomplished, we cannot honour 
the name of the individual 

Observations of Mercury date back to the year 265 before the Christian era, but there is an earlier 



THE VARIOUS PHASES OF VENUS 
We never obtam a satisfactory view of the surface of Venus when she 
is at her least distance from us, for at such tunes she turns veiy little 
of her illuminated side towards us, appearing as an exceedingly slendei 
crescent (as at 4 in the illustration) When she appears fully illuminated 
(as at 1) she is more than six tmies as far away Consequently oui 
best views are obtained at epochs corresponding to phases 2 and 3, 
when the planet is half illuminated or appears as a thick descent 
She is at her brightest between the phases 2 and 3, and then casts 
distinct shadows on a blight surface at night 
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record m which the duet astionomcr at Nme\eh mentions the planet in a report he made to the King 
of Assyria 


The celerity oi movement of this planet caused him to be known to the ancients a* “The swift- 
winged messcngei of the god* ” This was not the only appellation given to Mercurv, for his fitful 
lustre, when visible to the naked eye, amidst the dense and often disturbed atmosphere near the 
horizon, led the Greeks to call him “ The strongly sparkling one ” 

This is the neaiest known planet to the Sun, his mean distance from that orb being 35,938,000 
miles, sidereal period ot xevolution eighty-eight days, and real diameter 3,008 miles 

Mercury can only be obser\ ed by the naked eye about the time when he reaches his greatest 
apparent elongation fiom the Sun, west or east, and this novel exceeds twenty-eight and a quaiter 
degrees At such times the planet either uses oi sets about two horns before oi after the Sun In 
the spring months ot the 


year the elongations ai t 
favourable for viewing him 
as an evening stai, and 
in autumnal mornings he 
may be equally well dis- 
cerned as a morning stui 
At such times, since Ins 
decimation is noith oi tla 
Sun, he remains above the 
horizon in the absenee ot 
that luminary toi longei 
periods than at other times, 
when his decimation is 
south He sometimes 
appears to be brighten than 
a star ot the first magni- 
tude, and is really a con- 
spicuous object to tlie naked 
eye His position, how r - 
ever, being near the hon/on 
and involved in twilight, Ik 
shines with a spaiklmg, 
ruddy lustre, scintillating in 
somewhat similar fashion to 
that of the stars 

In the English climate, 
Mercury may be seen with 
the unaided eye on about 
fifteen occasions annually, 
but much depends upon the 
atmospheric conditions pie- 
vailing at those special 
periods when the planet 



From “ 1 he Heavens and their Story," by 4 and U Maunder ] [By ptrimssion of the Lpuotlh Puts 


occupies the best position 


CEOUD-EIKE MARKINGS ON VENUS 


for observation 

It has been said ot Co- 
pernicus, who was the 
greatest astronomer of the 


haige bught patches, similar to those depicted abo\ e, are veiy often obseived oil V enus 
They have been attributed, with considerable piobabiht*, to masses of cloud floating 
in the planet’s atmosphere Variations m their shape, size and position seem to confirm 
this explanation The remainder of the surface of Venus is only a little less bright than 
the white patches, but, to bring out the latter, it is necessaij on a diawuig to exaggerate 
its duskiness These draw mgs were made at the Bothkamp Observaton 
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Sixteenth Centun , that he ne\er caught a glimpse of Mercury though he had frequently endeavoured 
to do so The suggestion has been made that a probable cause of the failure existed m the fogs which 
arose from the river Vistula, running neai Thom, where Copernicus resided The whole incident, 
however, has been legarded as a mere legend, 01 m airy case to ha^t resulted from misconception of 
the writings of Copernicus 

One of the first obser\ ational feats attempted by astionomical begmncis is to catch a glimpse of 
Mercury His position and times of rising and setting can be found from an almanac, and it the 

would-be observei looks in the right 
direction at the correct time, and with a 
clear atmosphere neai the horizon, the 
fitful lustre of the little planet will 
probably be soon detected The picture 
will afford the beholder a peculiar satis- 
faction and prove an incentive to attain 
lui ther successes 

This planet is considend by many 
observers to be involved in a dense 
atmosphere, which obscures his actual 
suifa.ee markings and shelters his land- 
scape from the intense heat of the Sun 
Telescopic power reveals certain features 
on the apparent disc, but they consist of 
faint, irregularly shaped, dusky spots 
and white areas, which are probably 
existent m the outer limits of his at- 
mosphere, and have no durable 
characteis At any rate observei s have 
not been able to chart the features on 
the disc with the same certainty and 
accuracy in regard to the chief details, 
as they have attained m legard to Mars 
In fact the visible aspect ot Mercury 
appears to be ot a different nature and 
to represent, similarly to that of Venus, 
the phenomena ot an active vaporous 
envelope 

The position of Mercury near the Sun 
is very unfavourable for the telescopic 
study of the planet's markings He is 
seldom to be examined to advantage, 
and especially with magmliers sufficiently 
high foi the purposes required, for with 
every increase ot power definition suffers 
owing to atmospheric disturbances and 
telescopic imperfections The rotation period of Mercury is not known with certainty but it is pi obably 
about twenty-five hours Observations by Schroter, in about 1800, indicated the period as twenty-four 
hours four minutes Other observers have approximately corroboiated this value Schiaparelli 
however concluded, from his study of the planet in the yeais 1882 to 1889, that the rotation was 
performed m the same period as the planet revolved around the Sun, viz , eighty-seven days twenty- 
three hours This meant that the planet always turned the same hemisphere towards the Sun, 



March 30, 6H Match 31, 6 ]h April 5, 0 \h 

Drawing by] W J 

T g M3NTJS, 1881 

More often than not, V enus appears almost completely devoid ol 
markings Occasional^ , however, faint dusky patches and bi lght areas 
are seen and these can sometimes be identified with fair certainty 
(as in the drawings above) night after night Ihey appear, however, 
to be of a tempoiary nature, and are not surely recognisable nftci 

Inn a iiwuvls 




TRANSITS OP VENUS IN THE NINETEENTH CENTURY 
Owing to the fact that the path or tfrbit of Venus round the Sun is considerably tilted with regard to the plane of the Earth’s 
revolution, it seldom happens that Venus passes directly between us and the Sun Generally she passes well above or below 
the latter Transits, when they do take place, occur in pairs, with eight years between each transit There is then an interval 
of either 105$ or 121 & years Thus only two transits occurred in the Nineteenth Century, in 1874 and 1882, and the next pair 
are due respectively in 2004 and 2012 At each transit, as shown m the illustration, Venus passes across a different portion 

of the Sun’s disc 
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similarly as the Moon does to the Earth The whole 
matter of the planet’s rotation, however, is doubtful 

Mercury requires further careful observation at 
periods when he is sufficiently distant from the Sun 
to be satisfactorily viewed It will be an important 
object accomplished when the rotation period of both 
Mercury and Venus are found on evidence beyond 
disputation 

Mercury being a little planet, and even less in magni- 
tude than the third satellite of Jupiter, presents a 
small disc for scrutiny, apparently varying, according 
to distance, between five and thirteen seconds of arc 
When nearest to the Earth (at inferior conjunction) 
he is invisible, his illuminated surface being turned 
away from us, but when farthest from the Earth (at 
superior conjunction) he presents a circular, though 
very small, disc In the course of a revolution he 
presents to us all the phases of the Moon, and these are 



APPEARANCE OF VENUS WHEN NEAR 
AND FAR AWAY 

Venus, when nearest the Earth, turns chiefly her 
dark side towards us, appearing as a thin crescent 
When at her farthest, she shows us the whole of her 
illuminated face, but her apparent diameter is greatly 
reduced 


observable with the help of a telescope In fact, the phases of the planet, especially when crescented, 
form the most attractive aspect under which he can appear Mercury was called after a celebrated 
god of antiquity, whom the Greeks termed Hermes He was said not only to be the messenger 
of the gods, ^ but also the patron of travellers He is usually represented with a wing, cap and 
sandals, and as carrying a wand around which two serpents are entwined He was armed with a 
short sword 


Without an atmosphere Mercury would be scarcely habitable owing to the intense heat of the Sun, 
for it must exceed that received by the Earth in the proportion of seven to one If fife however 
is maintained on the planet it would be specially adapted to the conditions prevailing there 

Transits of the planet across the disc of the Sun 



CONJUNCTION OF VENUS AND SATURN, 
1845, DEC 19 

On rare occasions two planets are seen so nearly 
in the same direction m the Heavens (though at 
\ery different distances) as to be visible m the 
same telescopic field On such occasions the 
colour, shape, size and brightness of the two are 
very readily compared When Venus is one of the 
pair, she is always seen to be incomparably the 
brighter and whiter of the two 


occur on an average once m six years, and they afford 
interesting opportunities for the telescopic observer 
They take place at inferior conjunction with the Sun 
when the planet passes directly between the Sun and 
Earth from east to west They do not happen at every 
conjunction because the inclinations of the orbits of 
Mercury and the Earth are such as to allow Mercury 
to pass a little above or below the solar disc The posi- 
tions of the planet are sometimes favourable m May and 
November for the occurrence of transits, and they never 
take place in any other months of the year The follow- 
ing are the dates of the transits which will occur during 
the present century — 


1924 

May 

7 

1960 

Nov 

6 

1927 

Nov 

8 

1970 

May 

9 

1937 

May 

10 

1973 

Nov 

9 

1940 

Nov 

12 

1986 

Nov 

12 

1953 

Nov 

13 

1999 

Nov 

24 


During transit Mercury is observable as a small, round, 
black spot on the Sun, and some curious details have 
been noted A small, white spot has been seen on the 
planet and a luminous aureole has apparently surrounded 
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it The spot has, however, been disputed, and there is a singular want of harmony m the observational 
testimony The aureole, the reality of which is also doubtful, has been explained on the assumption 
that the planet has a perceptible atmosphere The central spot is probably a mere optical effect 
The conditions regulating the visible displays of Mercury as a morning and evening star are 
repeated every thirteen years (after fifty-four revolutions) at nearly the same times as before Thus 
the evening elongation on May 5, 1923, will have a repetition a few days later in May, 1936 Mercury, 
being situated so near to the Sun, ought to appear much brighter than he does if his atmosphere 
possessed the same capacity for reflection as that of certain other planets The albedo, or reflective 
power, of Mercury is rated at only seventeen, while the value for Venus and Jupiter is about sixty-five, 
and that of clouds seventy-two Apart from the changing phases of the planet, the state of our 
atmosphere and the intensity of the twilight involving his position, bring about material variations 
in his apparent lustre In a February or March sky he usually appears much brighter than m the 



THE EARTH AND MERCURY COMPARED 

thTs”e y of h r alf t he d T 0 et f ° f th ~ Earth He 13 qmle the smalle9t of the ”»)“ Plants and is about 

the size of the hugest satellite of Jupiter and Saturn Gravity at the surface of Mercury is about a quarter of what it is on 

Earth, so that a terrestrial pound of sugar would weigh only four ounces on the smaller planet 


strong twilight of May or June At the best times he has shone with nearly equivalent lustre to 
Jupiter, but the far greater steadiness of the rays from the Jovian orb is always very marked Under 
normal conditions he becomes within reach of a good eye about half an hour after sunset, and shines 

most strongly (when the western quarter is clear right down to the horizon) about the same interval 
before he sets 

T !? ere ^ timeS ' however ' when a narrowing crescented phase may so enfeeble his light 

that he may be detected with difficulty, though he remains above the horizon some two hours after 
the Sun 

Mercury has never been studied sufficiently under telescopic power and at times best suitable for 
t e detection of his surface markings There is here a very valuable piece of observational work 
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awaiting some capable student It is chiefly amateurs who investigate the physical aspect of the 
planets, and they should specially direct their attention to Mercury and the determination of his 
rotation period This important element might be found for all time if a spot could be seen, clearly 
and definitely, on the planet's disc, its position recorded and a few subsequent views obtained of the 
same object If it remained stationary, then the long period alleged by Schiaparelli and other observers 
would be proved, but a rapid motion of the spot would uphold the shorter time, and show that not 
only Mercury, but Venus also by inference, rotated in periods not essentially differing from those 
of the outer planets A marking which would aid the solution of the problem might present itself at 
any time Saturn, after many years of apparently tolerable quiescence, exhibited, m June 1903, 



From a Drawing by] r W F Denning 

THE MORNING ZODIACAL EIGHT 

The observation here illustrated was made before dawn at Bristol on December 3, 1916 The Eight was noted as being 
unusually bright, though the atmospheric conditions were far from perfect This would tend to support the theory that 
real changes of brilliancy occur in the Zodiacal Eight More often such apparent changes arc directly attributable to 

alterations m the transparency of our skies 


a very disturbed condition of surface, and large white and dark spots appeared in the northern 
hemisphere These soon indicated a rotation period about twenty-three minutes longer than the 
previous determinations of Herschel (1793) and Hall (1876-7) Similarly the atmosphere of Mercury 
may become sufficiently active to present the necessary features and the disc should be carefully 
watched when the planet is high in the daytime, for low altitude means bad definition 

Mercury may not be, in himself, one of the more splendid objects m nature, but he often forms 
one of the chief brilliants m real sky pictures of charming character When occasionally visible in 
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the twilight glow, the crescent of the Moon a.nd possibly Venus or another planet may be near, and 
compose an interesting and striking group for contemplation 

Venus — This planet was appropriately known to the ancients as the “ Goddess of Beauty," and 
never was a title more justly merited, for Venus has a silvery splendour all her own and without a 
parallel among the other planetary orbs of the Solar System Jupiter may shine with his strong, 
pale-yellow light, and Mars, when favourably placed, may emit a brilliant, fiery-red lustre, but neither 
of these objects can compare with the refulgent beauties of Venus She forms a resplendent picture 
either in the morning s dawn, heralding the Sun in his rising glory, or in the evening’s twilight, lingeung 
over the glow where he has just set amid gilded clouds ° 



brom a Drawing by\ 


Denning 


TIIK EVENING ZODIACAIy EIGHT 
Tta Zodiacal 1S llcre showl1 tis observed m Bristol m the mouth of March It is in the eaily spring that the best views 
of the Evening Eight are secured, since the Sun’s path, or ecliptic (m which the Eight appears) is then well raised above 
the mists and smoke of the horizon Foi a smulai reason the Morning Eight is best seen m autumn 


There is perhaps no more beautiful scene than a sunset with Venus “ the evening star," and gorgeous 
cloud scenery enveloping all the western sky At such times the pageant of Nature forms a deeply 
attractive and impressive spectacle. Sometimes the crescent of the young Moon adds a charming 
effect, and we may contemplate the deepening hues and changing tints until the dusky shades of 
night silently draw their veil and display a myriad starry brilliants m the blue heavens 

Among the more entertaining observations suitable to the unaided eye the monthly conjunctions 
of Venus with the Moon and her occasional approaches to other planets may be regarded as taking 
a foremost place These occurrences are given in Whitaker’s Almanack and other annual publications 
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TRANSITS OF MBRSURV 
Mercurj passes between the Earth and the Sun much 
more frequently than does Venus Transits occur, on 
the average, about every six years Thev alvvavs take 
place cither m May 01 November 


of similar character, so that an intending observer 
will always find the date and time given, and may 
easily witness such of these events as occur in 
clear weather 

This planet is frequently visible in the daytime 
when the atmosphere is suitable and the sky is 
of a deep blue colour A person of ordinary sight 
and knowing the position of the planet can often 
see her without difficulty with the unaided vision 
even at noonday Venus has often been mistaken 
for a new and brilliant star, or for some special 
celestial object, by persons not well acquainted with 
Astronomy Her astonishing brilliancy misled many 
people during the trying period of the Great War 
to suspect that she was suspended in the sky as a 
signal, and many anxious enquiries were made as 
to her identity 

Venus is situated at a mean distance from the 
Sun of 67,200,000 miles, her real diameter is 7,480 


miles, and sidereal period of revolution (i e , rela- 
tively to the stars) 224 7 days Her apparent diameter varies between eleven and sixty-seven seconds 
of arc When near inferior 


conjunction (i e , m a part of 
her orbit between the Earth 
and the Sun), and compara- 
tively near the Earth, she is 
in the form of a narrow crescent 
and presents an attractive 
aspect, looking as she does like 
a bright, silvery bow in the 
blue sky This effect is, how- 
ever, only to be seen in a tele- 
scope, though it has been 
alleged that the crescented 
outline has been detected with 
the naked eye , but this needs 
confirmation 

The elongations or apparent 
distances of Venus from the 
Sun vary to a small extent, and 
usually amount to about forty- 
five or forty-seven degrees 
When the eastern elongations 
occur in the spring months 
and the planet is very favour- 
ably visible as an evening star, 
her position being north of the 
Sun's place, she sets about four 
and a half hours after the Sun 
Similarly her morning (western) 



HAILEY’S METHOD OF FINDING THE SUN’S DISTANCE 
a * ra ? sit ° f Venus 1S observed simultaneously from two points, A and B, on 
the Earth, the planet will appear to follow shghtly different paths across the Sun’s 
disc The two places have to be chosen as far apart m a north-south direction as 
possible, and from the apparent distance between the observed paths and the known 
distance between the two places we can calculate the size of the Earth’s orbit 
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elongations, during the latter half of the year, are very favourable for observations either with the 
naked eye or telescope Her maximum brightness is attained at a period of thirty-six days either 
before or after inferior conjunction, when her disc is about one-fourth illuminated and the diameter 
of the crescent about forty seconds of arc At intervals of eight years (thirteen revolutions) the 
conditions favouring the visi- 
bility of Venus return at 
nearly the same dates as 
before The difference is one 
amounting to only two days, 
as the following comparison 
will show — 

Eastern Western 
Year Elongation Elongation 
1900 April 28 September 17 
1908 April 26 September 14 
1916 April 24 September 12 
1924 April 22 September 10 
The planet will repeat her 
brilliantly favourable appari- 
tions m 1932, 1940, 1948, 1956, 
and m years subsequent to 
those mentioned consistently 
with the cycle of eight years 
In some seasons Venus is 
practically missing, and fails 
to ornament our sky How- 
ever, even during unfavourable 
years she may be occasionally 
glimpsed near the horizon, 
but on such occasions her 
position is so involved in the 
strong twilight that her lustre 
appears much moderated, and 
she is not the same brilliant, 
queenly orb as when she 
shines under the best con- 
ditions 

As a telescopic object it 
must be confessed that Venus 
is disappointing Her lustrous 
aspect encourages an expecta- 
tion which is far from being 
realised The white disc, 
free from obvious detail, such 
as that which diversifies Mars 
and Jupiter, does not call for 
interested study, though, if the 
planet be crescented, the picture is a very attractive one and gratifies the eye The student however is 
apt to tire of a similarity of aspect It is the study of detail and of changes in the forms and motions 
of features which so pleasantly maintains the interest in planetary work and furnishes results which 



VENUS AND THE EARTH 

This diagram (which is not to scale) shows roughly how the orbits of Venus and 
the Earth aic situated with legard to one another Strictly speaking, Venus should 
be nearly three quarters of the way from the Sun to the Earth The two planets, 
Venus and Mercury, both have orbits that he within that of the Earth, and they are 
known as “ inferioi ” (that is, interior) planets 
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VENUS OCCUETED BY THE MOON, 1921, JUEY 2 l “ L ' Astr ° nome " 
The hiding of one celestial body by another is known technically as an “ occultation ” In 
this picture we have photographs illustrating two stages in the occultation of Venus by the 
Moon, 1921, July 2 The Moon is to the left of each photograph, and the scale is so large 
that only a portion of the whole crescent is included Venus was about half -illuminated at 
the time, and appeared intrinsically very much brighter than the Moon, as is shown on the 
photographs This picture is upside down as compared with the small drawing showing 
both objects in the morning sky 


are important In this 
respect Venus may not 
apparently take a lead- 
ing place, although the 
keen observer may al- 
ways find something 
to allure investigation 
Schroter's mountains 
may not present them- 
selves, but there will 
probably be the dusky 
areas, brightness of the 
horns and maigin of 
the disc, and, possibly, 
slight unevenness along 
the curve of the ter- 
minator or line of sun- 
rise or sunset on the 
planet's surface In- 
dentations are some- 
times noticed afc though 
depressions actually 
existed, either atmos- 
pheric or otherwise 
Some of the mark- 
ings seen or imagined 
to exist on Venus have 
certainly been illusions r 
others have received 
the corroboration nec- 
essary to remove every 
possible doubt as to 
their objective reality. 
One instance of a re- 
liable observation was 
made on February 13, 
1913, by McEwen of 
Glasgow and Sargent of 
Bristol, who simultane- 
ously detected a very 
obvious and rather deep 
indentation in the 
terminator of the 
planet Faint, cloudy 
and indefinite markings 
have certainly 


nave certaimy been 

sometimes traced on the planet's disc, and they appear to be slight inequalities of tone in the atmosphere 
rather than real features on the surface They apparently cover extensive areas and have eluded the 
scrutiny of some of the best observers Schroter saw them at the end of the Nineteenth Century, 
but his great contemporary, William Herschel, failed to perceive anything, and expressed himself 




THE TRANSIT OF VENUS 

The transit of Venus across the Sun’s disc, which took place in 1874, was the first that had occurred for over a century 
Itataratover the evcnt was 110t con fined to scientific circles, but appears to have extended to many not ordinarily concerned 
with the phenomena of Astronomy The picture reproduced above (showing the goddess Venus about to pass in front of* 
the chariot of the Sun-god, Phoebus), represents an attempt by a French artist to give an allegorical interpi etation to the event* 




explanation of the phases of mercury 

Mercury, like the Earth and all the other planets, has a bright and a dark side, since it depends entirely on the Sun for its 
hght An observei on the Sun would see only the illuminated side, so that the planet would always appear “ full ” On the 
other hand, an observer situated outside the orbit of Mercury (as we on the Earth) would see at different times very different 
proportions of the bright side, and sometimes even none at all On the diagram, the inner circle* shows the true state of 
affairs, while just outside are the corresponding appearances of Mercury as seen from the Earth 
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strongh as to their non-eustence Dawes and others, in more modern times, supported the negative 
view ot Herschel, but on the other side so many observers have glimpsed the dusky areas that they 
cannot be rejected as illusions due to imagination 

The teebly outlined markings often seen on Venus certainly do not require a large telescope to 
show them Though this is a small planet of about the same dimensions as the Earth, her apparent 
size is large as she approaches near to us, and sometimes equals one minute of arc With moderate 
magnifying power, therefore, her disc is fairly expansive, and any conspicuous features presented 
on it ought to be easily recognised It is perhaps a curious fact that some observers looking at Venus 



with three- or four-inch telescopes have remarked spots, whereas observers with much larger, and 
presumably more effective instruments, have quite failed to perceive them An explanation may 
partly lie m the fact that a large glass produces such a brilliant image that feeble details like the 
faint, dusky areas on Venus are practically obliterated in the glare More than one student of planetary 

^maj%ngs have tried the experiment of comparing a fairly large and small telescope side by side on 
the markings of Venus, and the result has been that m the smaller instrument the features have 
appeared to be more obvious than m the larger one 

-■»< It has been argued that this result really proves that small telescopes have insufficient grasp to 
deal effectively and reliably with planetary markings, and that the comparatively faint images are 



204 


Splendour of the Heavens 


liable to produce false impressions This however is 
not at all certain, and the problem remains unsolved, 
though we may naturally expect more reliable work 
with large apertures As bearing on the point an 
observation and drawing of Venus made on May 
29, 1889, may be mentioned The well-known 
observer, Barnard, wrote that dark markings seem 
undoubtedly to exist on the planet, and that he 
never afterwards had such perfect conditions to 
observe Venus, adding that a twelve-inch equatorial 
at the Lick Observatory was found to be superior 
to the thirty-six inch for viewing this difficult 
object 

Schroter, in 1789, found the rotation period of 
the planet to be 23 hours 21 minutes 7 98 seconds 
from the dusky spots, and J D Cassini had arrived 
at a nearly similar period forty years before, viz , 
23 hours 20 minutes 55 seconds Later observers 
have approximately corroborated the results men- 
tioned, but Schiaparelli concluded that Venus, like 
Mercury, rotates in the same period as she revolves 
round the Sun, viz , 224 days 16 hours 49 minutes 
The latter period was arrived at after an elaborate 
discussion of existing data, and after a telescopic 
study of the planet by the author of it, and it appears 
to have received corroboration from a few other 
astronomers There is however a large amount 
of evidence opposed to it, and it must be confessed 



1 Molesworth 1808 June 2 2 Brenner 1896, Maj 9 

3 Molesworth 1898, April 2 4 Molesworth 1898, April 8 

SOME VIEWS OF MERCURY 
Owing to his low altitude near sunset or sunnse, Mercury 
is not so well seen then as m the full daylight when he is 
high m the sky A good telescope will then reveal faint 
dusky markings that are not always easy of identification 
over long intervals Moreover, observers differ greatly 
in their portrayal of the markings and we still lack a 
reliable map of the planet’s surface 



Drawing by] 


isn turn 


[ W F Denning 


1906, Aug 30, 17h 45m Sept 

MARKINGS ON MERCURY 
This is an instance m which the same markings on Mercury were identified wit! 
reasonable certainty on two separate occasions Their movement on the disc appearec 
m consistent with a very long period of rotation As often observed, one cusp of the 
crescent appeared more blunt than the other 


that the actual rotation 
period of Venus, like that of 
Mercury, is one of the un- 
solved problems of Astro- 
nomy 

Sir John Herschel con- 
sidered Venus a difficult 
object and a critical test of 
definition He remarked 
that the intense lustre of 
her illuminated part dazzles 
the sight and exaggerates 
every imperfection of the 
telescope He rightly con- 
cluded that we cannot dis- 
cern the real surface of the 
planet but only its cloud- 
laden atmosphere 

The first observer to 
examine Venus and discover 
her phases was Galileo m 
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1610, and in 1643 Fontana detected irregularities along the inner edge of the crescent, while m 1645 
he saw a dark spot on the disc Cassini, in 1666, October, saw a bright spot near the inner edge on 
the northern limb and also two dark spots of extreme faintness He made further observations and 
watched the markings over sufficiently lengthy intervals to note changes m their position 

Flammanon made a pretty exhaustive review of observations of Venus, and published his con- 
clusions m 1897 He found many discordances in the results, m fact the contradictions were of such 
a nature that no safe and certain conclusions could be derived from them He gave the observers 
credit for having doubtless done their best, and attributed their want of harmony to “ personal 
equation/' and to the difficulties inseparable from the research 
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From a Drawing dy] {W B Steavcnson 


THE COUNTER-GIyOW, OBSERVED AT ASHTEAD, 1916, FEBRUARY 6 

The faint oval patch of hazy light in the centre of the picture is known as the Counter-Glow, or Geg enschein It is sometimes 
to be seen on very dark clear nights by observers of sensitive vision It always occupies the portion of the sky exactly opposite 
to the Sun, and is believed to be intimately connected with the Zodiacal Eight It is much fainter than the latter, and is 

not often observed in England 

The spectroscopic method has been tried as a means of determining the rotation period of Venus, 
but it appears to have given results which are not consistent, and the question is still left an open one 
The atmosphere of Venus is probably of great density, and this seems obvious on evidence of 
a convincing character The planet occulted a star in Gemini, July 1910, and it was noticed by critical 
observation that at disappearance the light of the star declined during two and a half seconds, and at 
reappearance its increase occupied one and three-quarter seconds, whereas had the planet possessed 
a sharply-cut boundary like the Moon the star’s lustre would have vanished and returned instantaneously 
as during a lunar occultation It was computed from the phenomena observed in 1910 that the 
atmosphere involving Venus must reach an altitude of seventy miles The ring of light sometimes 
apparent around Venus when in transit across the Sun finds an easy explanation as an atmospheric effect 
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Mercury and Venus are termed inferior planets, their orbits being nearer to the Sun than the 
Earth’s They are considered to be the least interesting for telescopic observation, for apart from 
their phases they present no very conspicuous details or spots of changeable forms and dimensions 
The markings on Mercury, however, appear to be plainer and more definite than those of Venus, 
and to offer a better prospect to observers for the investigation of the rotation period and physical 
condition of the planet. 

Mars, Jupiter, and Saturn, on the other hand, are known as superior planets, and they mdiv idually 
exhibit highly interesting features for study when viewed under telescopic power The other superior 
planets, Uranus and Neptune, form a different class, being situated at enormous distances, and 
apparently they are of feeble light and small dimensions as viewed from our remote standpoint 
For observing the markings on Venus the best time is in daylight, for the planet shines with 
almost dazzling splendour on a dark or nearly dark sky, and under such conditions telescopic 
definition is apt to suffer In strong twilight, or when the Sun is a little above the horizon, views 



[By SchrOter 


From Drawings ] 

DIFFERENT ASPECTS OF MERCURY 
These drawings, made by Schroter at the cud of the Eighteenth Century, give an excellent general idea of what is seen when 
a telescope of moderate power is directed towards Mercury The “ cusps ” of the crescent, unlike those of Venus, are often 
heavily shaded, producing an effect of “ blunting ” at first sight A similar soft shading is also present along the terminator, 

which marks the region of sunrise or sunset 


of this planet are frequently very sharp, and delicate features are more easily recognised than at any 
other period Her full lustre is apt to exaggerate telescopic defects and to reveal want of achromatism 
m any but the very best lenses In the day-time the intensity of the light is toned down m suitable 
degree Mercury, too, is often seen to advantage m a light sky and the same may be said of the 
planets Mars and Jupiter, the details of which come out more keenly and often with livid distinctness 
about an hour, or half an hour, after sunrise or before sunset The various planets may be readily 
found m the day-time, even when the mounting of the telescope is merely an alt-azimuth stand, if 
the observer knows the approximate place of the ob]ect, and uses an eyepiece of low power and 
large field 

When visible as a morning star, Venus was known to the ancient Greeks as Phosphorus or Lucifer, 
and when seen as an evening star was called Hesperus or Vesperus 

Venus has occasionally displayed the “ ashy light ” or Lumiire Cendree, which is so often remarked 
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on the dark part of the Moon when she is thinly crescented The fact has been well asserted though 
not always satisfactorily seen even at such times as all the conditions favoured its presentation The 
shimmering of the unilluminated part of the disc has been, moreover, corroborated by special 
observations and is now one of the established details of the planet’s features No doubt circumstances 
■affect its visibility, and apparently induce variations in its aspect and tone, but the peculiarity lies 
beyond disputation and has been recognised by many observers employing different classes and 
sizes of telescopes under different conditions It is due to changes in the atmosphere of Venus 
which may not always be equally reflective nor similarly illuminated from exterior sources 

The phases of Venus have not always been precisely conformable with calculation, and this is 
suggestive of marked differences in the height of certain areas There may be extensive hollows 

and mounds in the outer 
layer, giving rise to the ob- 
served irregularities, such as 
faint shadings, an uneven 
terminator and differences 
in the cusps It might also 
cause that feebly mottled 
appearance which has been 
strongly suspected by certain 
observers at various periods 
Venus as the abode of 
living creatures has some- 
times formed an alluring sub- 
ject of discussion in works 
dealing with a plurality of 
worlds It is a question, 
however, that does not admit 
of settlement Probabilities, 
possibilities, and analogies 
may be referred to in detail, 
and inferences deduced from 
them, but our insufficient 
knowledge fails to conduct 
us to safe and certain con- 
clusions 

We are too apt to regard 
our own experiences and the 
conditions of our own globe as 
typical of the state of things 
existing or necessarily existing 
on other planets, but this is 
a faulty presumption which 
can only lead us astray The other planets of the Solar System are each one regulated and influenced 
by many circumstances of different character, and if life is sustained on various other orbs it is consistent 
with and suitably adapted to the conditions under which it is maintained 

Mercury and Venus, so near the Sun, may well be able to withstand the great light and heat, 
sheltered and veiled, as their surfaces are, by dense atmospheric canopies On the other hand, 
Uranus and Neptune may be inhabited by animate beings able to thrive amid the cold and dark 
surroundings which are supposed to exist at such immense distances from the Sun Forming inferences 
irom analogies we may reasonably conclude that our own little Earth is not the only orb favoured 



THE DARK SIDE OF VENUS 

'When Venus appears to us as a narrow crescent the “ horns " of the latter are seen 
to extend beyond a half-circle This is due in part to the great apparent size of the 
Sun’s disc as seen from Venus and m part to the bending of light by the planet’s 
atmosphere At such times the whole of the disc of Venus has been dimly seen, 
dike the “ Old Moon in the New Moon’s Arms ” Some astronomers have considered 
rthis appearance an illusion, but the weight of evidence is in favour of its reality 
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A LANDSCAPE ON THE MOON 

Here the Earth is shown m the Heavens as it would appear from its satellite the Moon It would be visible as a f S i i* wate? 
the moon appears to us probably not quite so bright, except in the clouded portions, but shaded in v^n°M tones m^Mtive of tend er 
and vegetation lhe eirth would pass through phases as the moon does but in the inverse direction There being , n ° 5 : ia S® rSnna and 
the moon's sky would be quite black, the stars being visible at all times The sun would present a most splendid spectacle .the Co na 
the large red prominences which we only see during the short time of an Eclipse of the Sun would also be constantly m evidence 
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A RISCttNT T HI CORY OF Tllh ROTATION OK \ I-'NTITS 
In J <inu tiiy 1921, Pi ofcbsor W H Pickering observed on \uiuh a sirus of large dtuk patches These appeared to move in 
a (liicetion nearly at right angles to that in whieh the planet had guurnllv been assumed to rotate Professoi Pickerings 
conclusion was that the axis of the planet lav nearly In the plant of its orbit round the Sun, and that a complete rotation 
occupied sixty eight hours Unfortunately the duskv patehes, whkh were itfotxihh an effect of the atmosphere of Venus, 
disappeared after a few days, and no verifuntion of the new theory has been ixmsible 
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IS 1HERE OXYGEN ON VENUS’ 


a A 

\Lo,vcll Observatory 


Here we have a spectroscopic comparison of the light of Venus anti the Sun, to both of which is added equally the 
absorbing effects of gases in our own atmosphere The lines marked B and A aic due to oxygen and water vapour 
respectively If these substances were present in the outer parts of the atmosphcie of Venus we should expect 
to find their lines more marked m the planet’s spectrum than in that of the Sun In actual f ict, no such enhance- 
ment is observed, but this docs not preclude the possible existence of oxygen and water vapoui at lower levels in 

the planet’s atmosphcie 


with intelligent beings Certain planets may not yet have reached the habitable stage, while others, 
like the Moon, may have passed it It seems likely that the larger planets become habitable after 
longer periods, as they require more time for developments than the smaller ones The worlds of 
space, like individual creatures, have their youth, maturity, and old age 

Venus possesses no satellite, though one was thought to have been disco veied by several obsciveis, 
chiefly in the Seventeenth Century The supposed moon was confidently asserted to exist foi a 
secondary orb, in which the phase of Venus had its duplication, sometimes appeared close to that 
planet and apparently accompanied her in her orbit The alleged discovery aroused gieat interest 
and disputation, for there were many observers who failed to perceive any satellite though eveiy 
effort had been made to find the elusive object 

The passage of time eventually settled the problem for it brought no fuither evidence of a satellite 
The great modern telescopes and all the observational talent of the Nineteenth Century failed to 

reveal the supposed moon to 



Venus So it has been finally 
put on one side, and its explana- 
tion is that it was one of the 
mythical objects seen m the 
faulty telescopes and by the 
impelled obseivations of past 
genciations No doubt the 
satellite was either a bordering 
star 01 a spectral appearance or 
false image bi ought into being 
by imperfect instrumental ad- 
justment The Gregorian 
1 effectors were occasionally apt 
to induce double reflections 
cither by the mirrors or eye- 
pieces, and observers, keen and 
ever alert m seeking foi new 


THE ATMOSPHERE OF VENUS 

When Venus passes between Earth and Sun she is seen to be surrounded by a bright 
ring of soft light This is, perhaps, the best proof we have of the existence of an 
atmosphere enveloping the planet 


objects, might well be allured 
into false presumptions by the 
fictitious creations alluded to 



212 


Splendour of the Heavens 


As already explained in Chapter II, observations of Venus when she is projected as a dark spot 
in transit across the Sun, and her apparent track measured from two different stations, enable the 
Sun’ 1 - distance to be ascertained This was originally found by Encke in 1824 from observations 
made during the transits of 1761 and 1769 to be about 95,000,000 miles The value was accepted 
for more t han a generation until Hansen, in 1854, and Le Verrier, a few years later, reinvestigated 
the problem, and concluded the distance to be decidedly too great 

The transits m 1874 and 1882 afforded corroboration of the smaller distance, but other and 
preferable methods had been adopted, and Gill, m 1877, from observations of Mars, deduced a distance 
of 93,080,000 mil es The best and latest determination, however, is that of Hinks in 1910, from 
observations of the minor planet Eros, which approaches the Earth nearer than the planets Venus 
or Mars, and this gave the distance of the Sun as 92,830,000 miles Astronomers regard this element 
as of high importance, because it is a fundamental or basic one on which our knowledge of the distances, 
dimensions, &c , of the bodies composing our Solar System depends It ic therefore very satisfactory 
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Drawing by] [W F Denning 

MERCURY IN 1881 

For many reasons Mercury is a difficult object for telescopic study, but, under favourable conditions, 
markings are definitely observable on his surface They generally take the form of dusky bands or 
patches, but can seldom be seen and identified often enough to give a reliable value of the planet’s rotation 


to realise that it has now been worked out in a very accurate manner and that it admits of very little 
if any correction Transits of Venus occur at regular intervals of 8 121 8 105J, 8 121J years, et seq 
The dates of some past and future transits are — 

Dec 6, 1631 Dec 8, 1874 Dec 10, 2117 

Dec 4, 1639 Dec 6, 1882 Dec 8, 2125 

June 6, 1761 June 8, 2004 June 11, 2247 

June 3, 1769 June 6, 2012 June 8, 2255 

There are certain naked eye observations which offer special attractions to celestial students, 
and particularly to that class not possessing telescopes to aid natural vision To see Venus m 
sunshine is one of these , looking for the crescent of Venus is another, and these may be dismissed 
with the remark that the former feat is easily attainable, while the latter is beyond the capability 
of the naked eye Among interesting telescopic observations may be mentioned a view of Venus 
when she is m inferior conjunction At such times her whole disc has occasionally been perceived 
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in a good telescope, and the phenomenon has been termed “ the phosphorescence of the dark side ” 
The fact of its visibility has been disputed but negative evidence, though it often supplies a necessary 
corrective, is not always dependable Corroborative evidence has lately been furnished by almost 
simultaneous observations of the phenomenon by Mr Sargent at the Durham Observatory m 1922, 
and by Professor Duncan of the Whitin Observatory, Wellesley, Mass , on the following day, when 
" the planet was easily seen as a complete ring of light " The old controversy relating to the alleged 
satellite of Venus is hardly likely to come prominently to the front again, and the observations of 
Schroter, indicating mountains about twenty miles m height, will scarcely be duplicated with modern 
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THE BRIGHT “ HORNS ” OF VENUS 

When \ enus appears either as a half moon or a thick crescent, the telescope often reveals to us a well defined white patch 
at either cusp It has been suggested that these white patches mav actually be the snow-covercd polar regions of the 

planet, leflectmg the sunlight more strongly than other parts of her surface The white dotted lines represent the 

umllummated. portions of these assumed polar snows Some astronomers have attributed the white patches to “ phase 

effects, that is, appearances produced by the angle at which the sunlight falls on different parts of the planet 
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telescopes, though history has a peculiar tendency to repeat itself even in the sphere of Astronomy 
Observers of this planet must be cautious in discriminating between real and illusory objects and 
appearances when examining so brilliant an object after dark, for double reflection, flare, &c , are 
easily formed, and the judgment may readily err unless proper precautions are taken and suitable 
tests applied 


CHAPTER V 

THE EARTH-MOON SYSTEM 

By A C D Crommelin, BA, DSc, FRAS 

M Y task in this chapter is to describe the little system that is made up of two bodies, the Earth 
and Moon, each influencing and influenced by the other m many ways There is no other 
system within our knowledge that closely resembles it The mass of the Earth is eighty-one 

• times that of the Moon, 
whereas in all the other 
satellite systems the mass 
of the planet is thousands 
of times as great as that 
of its largest attendant 
When men learnt that 
the place of our Earth in 
the universe was a less 
central and important one 
than they had previously 
imagined, it must have 
been some solace to their 
pride to realise that there 
was still one faithful orb 
that continued to own 
obedience to the Earth's 
sway This orb was also 
by far the most useful to 
man of all the heavenly 
orbs after the Sun As 
the lesser of the “ two 
great lights ” it served 
periodically to lighten the 
darkness of night , while 

its monthly changes of form, combined with the annual march of the seasons, gave those two important 
measures of time, the month and the year The function of a tide-raiser, which we now regard as the 
most important of the Moon's functions, was slow in being recognised, since early navigation was 
chiefly confined to the almost tideless Mediterranean 

The Moon is our nearest neighbour among the heavenly bodies , its average distance is 239,000 
miles, thirty times the diameter of the Earth, and but nine times its circumference Its distance 
can be found very accurately by observing it at the same time at distant stations, such as Greenwich 
and the Cape of Good Hope It is possible to find the distance from measures made at a single station, 
some when the Moon is low down m the sky, others when it is high up , this involves a knowledge of 
the Moon's motion between the observations , but it was not too difficult for the ancient Greeks, 
who obtained an estimate of the distance quite close to the truth 



From ] |“ V Astronomic 

VENUS AND THE MOON, 1921, JUI/Y 2 

Conjunctions of Venus and the Moon, especially when the lattei is in the crescent phase, 
always form an attractive spectacle At such conjunctions the Moon gen ei ally passes 
above or below the planet, but on this occasion, shortly after this drawing was made, 
our satellite passed directly in front of Venus, hidmg hei fiom view foi over an hour 
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The following is a rough outline sketch of a process by which the distance may be found It 
was noted in the eclipse of the Sun of April 1912 that both Sun and Moon appeared of the same size, 
and that while one-twelfth of the Sun remained uncovered in London, the Moon just covered the 
Sun in Paris Thus motion through 200 miles sufficed to shift the Moon through one-twelfth of her 
diameter This gives the rough value 2,400 miles for the Moon’s diameter , it is not very far from 
the true value— 2,160 miles When we know the true size of the Moon, its distance follows at once , 
we can put a small disc, such as a com, in a slot on a rod, and find the distance at which the com just 
covers the Moon This proves to be 111 times the width of the com Multiply the diameter, 2,160 
miles, by the same number, and we get the distance as 239,000 miles Another very ingenious way of 
finding the distance was used by the ancients , they knew that the Sun appeared to be half a degree 
in diameter, and hence they saw that the edges of the Earth’s shadow must slope inward, making 
angles of a quarter of a degree with the axis of the shadow If then they observed the size of the 
Earth’s shadow where the Moon crossed it in lunar eclipses, they could calculate the Moon's distance 

It was next found that 
the Moon’s distance is not 
constant, but alternately 
increases and diminishes by 
some 13,000 miles above or 
below the average value 
Also it moves quicker when 
near the Earth than when 
far from it The next step 
was to compare its path 
among the stars with that 
of the Sun The latter path, 
has long been accurately 
known, and the name Ec- 
liptic has been given to it 
(probably because eclipses 
can only happen when the 
Moon is quite close to it) 
It was found that the 
Moon's path does not co- 
incide with the Sun’s, but 
makes an angle of more 
than live degrees with 
it (This is the angle 
between the stars Castor 

and Pollux in the Twins, or between the two pointer-stars in the Great Bear ) 

Half of the Moon’s path lies to the north of the ecliptic, the other half to the south , there are 
two crossing points, now known as the nodes, but m earlier times called by the fanciful titles of the 
“ Dragon’s Head ” and the “ Dragon’s Tail ” These names were probably derived from the myth 
that m eclipses the luminary affected was being devoured by a dragon , various ceremonies were 
enacted m the hope of driving this evil beast away, and the reappearance of the orb was hailed as 
a victory for these rites 

As soon as eclipses began to be noted with care, it was seen that they are liable to happen at two 
seasons of the year about six months apart (the times when the Sun is passing the two nodes), and 
further that these seasons do not recur at the same time in successive years, but gradually get earlier 
For example, m 1919 there were eclipses in May and November, in 1923 they occur in March and 
September, while m 1927 the latter season will have gone back to June, giving, in fact, the British 



From “ Astronomy for All ”1 [By permission of Messrs Cassell & ( o , ltd 

CEREMONIES AMONG THE PERUVIAN NATIVES AT AN ECLIPSE 
In former times it was often imagined that eclipses were caused by some malign bung, 
such as a dragon, devouring the luminary , various ceremonies were performed in the 
hope of driving away the evil influence It is one of the advantages of astrommlic.il 
knowledge that we can contemplate these grand observances without panic 
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total solar eclipse of June 29, 1927 This persistent regression of the eclipse seasons implies that 
the plane jor level in which the Moon travels round the Earth is constantly shifting , the nodes or 
crossing points go right round the sky in eighteen and a half years This shift is one of the many 
disturbances Which the Sun produces m the Moon's motion round the Earth If only two orbs existed, 
the path of ode round the other would be a simple ellipse, always keeping in the same position But 
if a third orb is introduced, this simplicity is destroyed, and various changes take place in the orbit 


For example, the Sun's dis- 
turbing action causes the long 
axis of the Moon’s orbit to 
move forward, making an 
entire circuit in eight years and 
ten months The amount of 
eccentricity also changes It 
is greatest when the long axis 
points towards the Sun or in 
the opposite direction , it then 
amounts to one-fifteenth , it 
is smallest when the long axis 
points square to the Sun's 
direction, being then one- 
twenty-third The amount of 
tilt of the Moon's orbit to the 
ecliptic is also varying , it is 
greatest when the Sun is at 
either node, amounting to 
5° 18' It falls to 5° 0' when 
the Sun is mid-way between 
the nodes We shall refer to 
one or two other disturbances 
produced by the Sun , actually 
many hundreds of them are 
known, which makes the cal- 
culation of the Moon's motion 
an extremely complex matter 
To return to the backward 
motion of the nodes, without 
introducing mathematics, it is 
not difficult to see that there is 
a tendency on the part of the 
Sun to pull the Moon down 
into the plane m which the 



[By the Abbi Moreux 

PATH OF THE MOON’S SHADOW IN THE ECLIPSE OF APHID 17, 1912 


Earth is moving , but the fact 
of the Moon’s continual motion 
prevents the plane of her orbit 


People on the dark line through Brazil, Spam, France, Germany, Russia, saw the 
Moon cover the Sun centrally , those for some distance on each side of this line saw 
a partial eclipse , the shading m the picture exaggerates the slight gloom of these 
legions, which diminishes as we pass from the central line 


from being forced down into 

the ecliptic , what happens is that the Moon reaches the plane of the ecliptic a little sooner than it 
would do if the Sun were not acting , in other words, the node is made to move backwards to meet the 
Moon The action goes on month after month m the same direction, the result being a backward 
movement of the nodes of nineteen and a half degrees per year Each time that the Sun passes either 


node (that is at intervals of slightly under six months) there must be at least one eclipse, and there 
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[By Lucien Rudaux 

\ IEW FROM THE SUN OF THE ECLIPSE OF APRIU 17, 1912 


An observer at the middle of the Sun would have seen the Moon pass m front of the Eatth , the regions behind the Moon’s 
centre would see a central eclipse, those behind the rest of the Moon a partial one 


may be three , in the latter case the middle one of the three is a total lunar eclipse, preceded and 
followed, a fortnight earlier and later, by partial solar ones It is possible to have three similar eclipses 
at the other node, just under six months later , the beginning of a third eclipse season may fall in 
the same calendar year, owing to the backward movement of the node , we thus get the maximum 
possible number of eclipses m a year to be seven they must be either five solar, two lunar , or four 
solar, three lunar Seven eclipses m a year is a very rare occurrence , it occurred in 1917, and will 
happen again in 1935 

The least number of eclipses in a year is two, both central solar ones , as a rule one of them is total, 
the other annular , the latter eclipse happens when the Moon covers up the Sun centrally, but being 
m the farther part of her orbit, it does not look large enough to hide the whole of it , a ring (Latin 
annulus) of sunlight remains visible round the dark Moon 

Annular eclipses happen rather more frequently than total ones, but they are much less important, 
adding very little to our knowledge of solar physics , total eclipses, on the other hand, afford the 
only opportunity of studying the faint outer appendages of the Sun, and expeditions have been sent 
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The putfis of Jupiter’s Moons 


[ ‘ knowledge ” Vol XXVI 


THE PATHS OF JUPITER’S MOONS 

This picture (drawn by C T Whitmell) shows how greatly the movements of other 
satellites differ from that of our Moon , as the Figuie on page 221 shows, it is always con- 
cave to the Sun , those of Jupiter’s moons are notably convex to the Sun at New Moon 


to distant places to enjoy 
the brief minutes of total- 
ity (the maximum length 
possible is seven and three- 
quarter minutes) Photo- 
graphic methods are used 
almost exclusively, giving 
much more reliable results 
than hurried visual ones 
Total lunar eclipses, 
though less important than 
solar ones, are extremely 
beautiful phenomena In- 
stead of its usual silvery 
light, the Moon’s orb ap- 
pears of a lurid, coppery 
hue It must be remem- 
bered that the Moon is 
then wholly m the Earth's 
shadow, and no direct 







CAUSE OF SPRING TIDES 

It is assumed, for simplicity, that Sun and Moon each produce high water at the point nearest them, and the opposite point Thus at New and Full Moon, when Sun, Moon, 
Earth, or Sun, Earth, Moon are m a line, the solar and lunar high waters come at the same points , the low waters midway between them, do the same , at these times we get 
extreme high tides, and also extreme low ones The reason of the accumulation at the side remote from Sun or Moon, is that the water here is less strongh pulled than the 

solid earth, and is, as it were, “ left behind ” 




PHASES OF THE MOON 


The Moon is a dark body that shines by reflected light from the Sun , half of it is bright, and half dark , when nearly between 
Earth and Sun, the dark side is towards us, and the Moon invisible As it moves on we see a little of the bright side, shaped 
like a crescent When it has gone a quarter of the way round, we see it half lit up , as it moves on we see more of the bright 
portion, the name Gibbous being used when it is more than half Full , when almost opposite to the Sun we see the whole bright 
side (Full Moon) except when it enters the Earth’s shadow and is eclipsed , from Full to New the changes repeat themselves m 

the reverse order 
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sunlight can reach it The light that does reach it is bent or refracted by the lower layers of the 
Earth's atmosphere , it appears red for the same reason that the setting Sun does It was shown m 
the chapter on Light that sunlight consists of various waves of different lengths The short violet 
rays are the ones most easily stopped by any obstruction, such as thick air, while the long red waves 
have more penetrating power Now, the light that passes through the atmosphere to reach the eclipsed 
Moon has to make a double journey through our air, first coming from its outer layers down near the 
Earth's surface, and then passing out again Hence it is still more effectively reddened than the 
setting Sun 

Mr L Richardson, who has made a careful study of lunar eclipses, finds that it is only the lower 
strata of our atmosphere that are effective m transmitting light to the eclipsed Moon , now these 
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PATHS OF EARTH AND MOON ROUND SUN 


The Sun’s pull on the Moon is rnoie than double the Earth’s pull Consequently the Moon’s path is always concave to the 
Sun It is, however, much more nearly straight at New Moon than at FuU , it would be exactly straight at New if the 
Moon were at two-thirds of its actual distance (see lower diagram) The upper diagram shows the motion from Full to New, 
that is, for about fifteen days , the interval between the successive positions shown is one and a quarter days The whole of the 
Moon’s path may be mapped out by simple repetition of the above diagram (alternately forwaids and backwards) about 

twenty-five times 

strata are liable to be rendered opaque by widespread cloud or haze , the amount of light seen on the 
eclipsed Moon gives a most useful idea of the general state of clearness of our atmosphere One of 
the darkest eclipses on record, that of October 1884, came at a time when the air was known to be 
full of fine dust from the Krakatoa eruption of 1883 

There is a remarkable cycle, known as the Saros, after which eclipses recur with an almost exact 
reproduction of their details Its length is 223 lunations, amounting to eighteen years and eleven 
and one-third days when four leap-days intervene, and a day less when five leap-days intervene 
It is connected with the eighteen and a half years in which the Moon's nodes complete a circuit , but 
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also by a happy coincidence the distance of the Moon from the Earth, as also all the larger disturbances 
m her motion, recur practically unchanged The cycle was known to the Chaldeans more thqr i 2,000 
years ago, and was indeed the earliest method of predicting eclipses But the odd third of a day was 
a difficulty to them, since it means that the region of the Earth that sees a particular phase of the 
eclipse is shifted westward through a third of the Earth’s circumference In those days, when little 
of the Earth’s surface was known, this meant that they had generally to wait for the triple Saros, 
or fifty-four years one month, after which the eclipse returned to the same longitude as at first 
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CAUSE OF NEAP TIDES 

At First and East Quarters of the Moon the lunar high water falls on the solar low water, and the lunai low on the solar high 
Thus at the Quarters we get small tides, which neither rise high nor fall low 

As an instance of the Saros, we may take the coming eclipse in England in 1927, a Saros later, 
in July 1945, there will be a total eclipse in Norway in the afternoon Three Saroses later still] 
on August 11, 1999, totality will again cross England (Cornwall) 

The fact noted above that the maximum number of seven eclipses occurred in the years 1917-1935 
is another instance of the Saros cycle 

The motion of the Moon’s nodes produces quite a notable change in the conditions under which 


The Moons AhridTion Oval 

The departure From a circle is exaggerdte cV TervFolc^. 



This picture shows the mann er in which the Sun would distort the Moon’s path round the Earth if it were circular , it would squeeze it inwards at New and Full, outwards at 
the Quarters , the direction of the Moon is unaffected at New, Full, and the Quarters , the speed is greatest at New and Full, so that the Moon is 2,500 miles ahead of the undisturbed 
place at the middle of the first and third quadrants , it then begins to fall back, and at the middle of the second and fourth quadrants it is 2,500 miles behind the undisturbed 
place The whole oval is shifted bodily iift\ miles towards the Sun , this shift enables us to get the Sun’s distance by observing the Moon 




Sir George Darwin’s theory of the Moon’s birth is illustrated on page 3 The artist of the present picture supposes that after leavmg the Earth the particles that were to 
form the Moon circulated round the Earth m a ring somewhat like that of Saturn This is by no means certain , they may have remained m a fairly compact swarm from 
the first It appears that they cannot have consolidated into a smgle orb till they were some twelve thousand miles distant from the Earth 
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we see the Moon At one stage in the eighteen and a half year period the Moon's inclination of five 
degrees to the ecliptic is added on to the twenty-three and a half degrees which is the slope of the 
latter to the equator Thus the Moon wanders twenty-eight and a half degrees on each side of the 
equator, the full Moon of summer being very low down, and that of mid-winter being very high up 
This state of things occurred in 1913 , the full Moon of December 24, 1912, attracted much attention 
from its unusual altitude, which happened to coincide with unusual nearness to the Earth , this, 
m addition to a clear sky, caused the intensity of moonlight to be quite beyond normal The high 
inclination of the Moon's orbit to the equator will recur m 1931 , an opposite state of things prevailed 
in 1922 The inclination to the equator was then only eighteen degrees, so that its wanderings were 


confined within narrow 
limits, and it neither 
went very high nor 
very low 

This seems an ap- 
propriate place to des- 
cribe the phenomenon 
known as the Harvest 
Moon Many people 
have a vague notion 
that this Moon is for 
some reason brighter 
than any other The 
fact is merely that 
about the time of the 
autumn equinox the 
Full Moon is at the 
part of its orbit where 
it is moving north 
most rapidly , now on 
the average the Moon 
uses three-quarters of 
an hour later each day , 
this amount is in- 
creased when the Moon 
is moving south, and 
diminished when it is 
moving north But 
the phenomenon 
naturally attracts most 
attention when the 
Full Moon is moving 
rapidly north, for then 



it rises in the neigh- 
bourhood of sunset for several evenings m succession, and is available as a light-giver for all the 
working hours of the night Hence the Harvest Moon is the Full Moon that falls nearest to the 
autumn equinox (September 23) The phenomenon is most striking in those years m which 
the orbit is most inclined to the equator , thus the following times are taken from the almanac of 
September 1913 September 15 rises at 6 17 p m , September 16 rises at 6 25 p m , September 17 
rises at 6 36 p m , September 18 rises at 6 46 p m , September 19 rises at 7 2 p m , September 20 
rises at 7 19 p m It will be seen that the time of rising gets only an hour later in five days , on 
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the other ha.nd, at the March Full Moon, when the Moon is' moving south, the time of rising gets later 
by as much as one and a half hours each day 

It is now time to enter more mto detail on the manner m which the Sun disturbs the Moon's motion , 
the first fact we note is that the Sun s pull on the Moon is two and one- sixth times as great as the Earth's 
pull , at first sight it seems strange, under these circumstances, that the Moon should continue to 
move round the Earth , but we have to remember that the Sun is pulling both Earth and Moon, 
and making them go round it m company , it is merely the small difference between the two pulls 


Photo by ] [A* C D Crommehn 

THE ECIJPSE OP MAY 29, 1919, PHOTOGRAPHED AT SOBRAI,, BRAZIL 
The chief object of the Sobral Expedition was the photography of stars near the Sun, to test 
Einstein’s prediction of light-bending The corona and prominences were also recorded on 
the plates The great arched prominence on the top left side appeared of a vivid red colour 
It was 300,000 miles long (farther than from the Moon to the Earth) The V-shaped rif at 
the bottom appeared very striking 


(due to slightly differ- 
ent distance and 
direction) that is 
effective m disturbing 
the Moon’s motion 
round the Earth 
Let us first examine 
the figure on page 221, 
which shows the shape 
of the Moon's path, 
produced by its two 
different circling mo- 
tions It will be 
noticed that the path 
is everywhere concave 
to the Sun, this being 
indeed a necessary 
consequence of its 
superior pull There 
is, however, a much 
closer approach to 
straightness at New 
Moon than at Full 
Moon , if its distance 
from the Earth were 
only 160,000 miles 
(two-thirds of its 
actual distance) its 
path at New Moon 
would be straight ; 
the Moon is the only 
satellite m the Solar 
System whose path 
is always concave to 
the Sun , m all other 
cases the pull of the 
planet exceeds that of 
the Sun It will be 
seen that a large scale 
is required to show 
the shape of the Moon's 
path round the Sun, 
it is only possible to 






From " Knowledge "] [After R A Proctor 

MOTION OF THF NORTH POI,E, OWING TO PRECESSION, FROM 5000 b c TO 9000 ad 
P recession causes the North Pole to describe a nearly circular course round the Pole of Ecliptic in about 26,000 years At the time of the earliest records, Thuban or Alpha Dracoms was 
the Pole Star Our present Pole Star will be nearest the Pole about 2102 a d , distance 28 mmutes The bright star Vega m Eyra will be the Pole Star in 12,000 years The Pole of 
Ecliptic itself moves a little, owmg to planetary action on the Earth’s orbit The Moon’s north pole is only H degrees distant from Pole of Ecliptic, and circles round it in 181 years 
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show it for one fortnight, but the remainder of it consists of simple repetitions of the part drawn, 
alternately backwards and forwards 

We must endeavour to get a more definite idea than hitherto of the exact nature of the Sun's 
disturbing force Wc turn to the figure on page 234, noting that the figure is made to serve two 
different purposes For the present we take C as the Earth, A, B, A', B' as the Moon’s path round 
the Earth, M as the Sun, 0 as any position of the Moon , draw ON perpendicular to MC, and take 
NH equal to twice NC, join OH Then the reader with an elementary knowledge of dynamics will 
see that if MO measures the force of M on 0, MH will measure on the same scale the force of M on C, 
and OH will represent the disturbing force of M on 0, as affecting its motion round C Carrying out 
this process for different positions of 0, we find that at A, A' the disturbing forces are AF, A'F', at B, B' 



From “Knowledge''} ^ WTTT>Me & C D 

DIAGRAM IWJSTRATING THE SAROS CYCI^E OF ECLIPSES 

Eclipses letum with closely snnil ir conditions after eighteen years eleven and one third days , the tracks move westward at 
each return After three returns they le ich about the same longitude as at first The tracks of the two English totalities 
of this century, 1927 and 1999, aic shown The cycle continues after 2179, but further data are not available 

they are BC, B'C Over the larger part of the orbit the disturbing forces act outwards , they reach 
their maximum values at New and Full Moon, being then exactly double the inward disturbmg force 
at first and last quarters The result is that on the whole the Sun pulls the Moon outwards, and 
lengthens its period Now the Sun's distance from the Earth changes by three million miles in the 
course of the year, being nearest in the winter , the result is that the Moon m winter lags behind her 
average place, being most behind (one-third of her diameter) about April 1 In the summer, on 
the other hand, the Sun’s outward force is lessened, and the Moon moves quicker, being one-third 
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of its diameter in front of its average 
place about October 1 

At first sight we might expect that 
the outward force at Full and New Moon 
would cause the orbit to be lengthened 
in the direction of the Sun , but this is 
an erroneous conclusion, as we can see 
by considering that when the outward 
force is greatest the greatest outward 
distance has clearly not been reached , 
the actual effect is just the reverse, the 
orbit being flattened at New and Full 
Moon, lengthened at the Quarters More- 
over, the whole orbit is shifted bodily 
towards the Sun by about 50 miles , 
the result being that it takes on the 
average a quarter of an hour longer for 
the Moon to pass from last quarter to 
first than from first quarter to last If 
this difference of times is determined 
by observation, it gives us a measure 
of the Sun’s distance , it was m this 
manner that Hansen was able to 
announce, m the middle of the last 
century, that the distance, 95 million 
miles, given by the transits of 1761-1769, 
was much too great , however, he 
reduced it too much, giving 91 \ million miles, instead of nearly 93 million 

Inspection of the figure, page 234, shows that just after New Moon the disturbing force acts back- 
wards , just before New Moon it acts forwards, the result being that the Moon goes ahead of its average 
place , it gets farthest ahead midway between A and B, the amount then being thirty-nine and a half 
minutes of arc, or more than the Moon’s diameter , it is an equal distance behind its average place 
midway between B and A' , while midway between A' and B' it again goes in front, and midway 
between B and A it again lags behind, the amount being the same on each occasion This disturbance 
of the Moon is known as the Variation It was unknown to the old astronomers, since they trusted 
largely to eclipses for their knowledge of the Moon's motion, and the disturbance disappears at New 
and Full Moon It was found some three and a half centuries ago, in the course of Tycho's beautiful series 
of observations at Uramborg, which we have already mentioned as giving Kepler the material for 
establishing his laws 

The disturbances that we have hitherto mentioned would take place even if the Moon’s undisturbed 
path round the Earth were circular , but it is, in fact, elliptical, the amount of the eccentricity being 
one-eighteenth , the meaning of this statement is that the Moon’s least distance falls short of the 
average by one-eighteenth of 239,000 miles or say 13,000 miles, the greatest distance exceeds 
the average by 13,000 miles Without going into mathematics it is easy to see that the Moon, when 
farther from the Earth, is far more liable to solar disturbance than when near the Earth The effects 
have been already noted , they cause the long axis of the orbit to move forward, going right round 
in eight years ten months , and they cause the eccentricity to increase to one-fifteenth when the 
long axis points sunward (at these times the Moon's least distance from the Earth is only 221,600 
miles) , on the other hand, when the long axis is square to the Sun’s direction the eccentricity falls 
to one-twenty-third 



Greenwich Observatory ] [By permission of the Astronomer Royal 

MOON EMERGING FROM TOTAE ECLIPSE 
This photograph was taken on November 17, 1910, at lh 34m a m , twentv- 
three minutes before the end of eclipse It is possible to deduce f i om the 
shape of the shadow that the Earth is round, and much larger than the 
Moon The rather indefinite border of the shadow is due to penumbra 
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The disturbances ]ust mentioned are grouped as the Evection , their discovery is due to Claudius 
Ptolemy, the great Egyptian astronomer who flourished m the second century ad, his name is 
well known as the inventor of the Ptolemaic theory of the planetary motions 

We have now gone as far m the study of the Moon's disturbed path as it is possible to do without 
mathematics The process of calculating a place of the Moon consists in first finding its mean place, 
which is the place resulting from uniform motion at the average rate , to this have to be applied the 
effects of the elliptic motion, and of the various disturbances , the chief of these have been described, 
but there are hundreds of smaller ones Each separate disturbance may be viewed as a wave, which 
puts the Moon alternately in front and behind its mean place , the figure on page 235 shows the larger 
waves , the object of lunar tables is to find what portion of each wave we have to use at a given time , 
the effects of all the waves have to be combined and applied to the mean place, the result gives the 
actual place , to calculate a single place of the Moon requires over an hour's work, but many short-cuts 
are possible when one computes the positions for a whole year at a time 

Let us now consider what effect these variations m the Moon's motion have upon the face of the 
Moon that is turned towards us , we have already alluded to the fact that we always see very nearly 


the same face, owing to the fact that the 
Moon spins on its axis in exactly the 
same time that it takes to go round the 
Earth The spinning motion is very 
nearly uniform, while we have seen that 
the motion round the Earth is subject 
to large disturbances , the result is that 
when the Moon is ahead of her mean 
place, a portion of her surface on the 
west side is brought into view , conversely, 
when the Moon is behind her mean place, 
a region is brought into view on the east 
side of her disc , the words " east " and 
“ west " are used with reference to our 
sky, not as they would appear to an 
observer on the Moon, who would reverse 
them The swing on each side of the 
mean place amounts at times to nearly 
eight degrees There is another cause 
that brings some of the back of the Moon 
into view The Moon’s north pole is 
one and a half degrees from the pole of 
the ecliptic, and moves round it in eighteen 
and a half years in such a way as always 
to be inclined some six and three-quarter 
degrees from uprightness to the level in 
which it travels round the Earth , the 
result is that we see alternately an extent 
of six and three-quarter degrees beyond 
each pole of the Moon Moreover, the 
Earth looks so large as seen from the 
Moon (radius about one degree) that by 
travelling to different parts of the Earth 
we can add a zone about a degree wide 
to the region brought into view On the 



SOI^AR ECLIPSES VISIBEE^IN ENGLAND, 1891-1922 


The picture shows, with one exception (1895), all the solar edipses 
visible m London an thirty-two years About forty partial solar 
eclipses are visible at a given station every century, but only one 
total eclipse in three centuries (on average) In the above illustration 
Nov 8, 1921, should read Apr 8, 1921 



232 


Splendour of the Heavens 



whole we see at one time or another fifty-nine per cent of 
the Moon s surface, and only forty-one per cent remains 
permanently hidden But it must be noted that the regions 
thus brought into view are always near the edge of the 
Moon, where they are subject to great foreshortenmgs 
We now proceed to consider the effects of the Moon on 
the Earth We may divide these into three heads (1) the 
Earth’s monthly journey about the centre of gravity , (2) 
the Tides , (3) Precession and Nutation 

(1) We have spoken up till now about the planets going 
round the Sun, or satellites going round the planets The 
expression is a convenient one, but not quite exact, in 
reality each body goes round the common centre of gravity , 
if one body is much more massive than the other the centre 
of gravity is much closer to it In the case of the Earth 
and Sun the centre of gravity is 278 miles from the Sun’s 
centre, and the Earth makes the Sun descube a little circle 
with this radius in the course of a year The centre of 
gravity of the Sun and Jupiter is nearly half a million miles 
from the Sun s centre, which is just outside its surface, so 
that Jupiter makes the Sun move quite an appreciable 
amount In the case of the Earth and Moon, the centre of 


gravity is 3,000 miles from the Earth’s centre, or 1,000 
jjjji , below its surface The Earth then travels round a little 

ill' circle oi 3 . 000 miles radius m a month, being farther from 

lllll the Sun by this amount at the time of New Moon and nearer 

Si t at Ful1 Moon The effect of this motion is to make the Sun 

[By permission of Missis casseii & io , Lid sppsmr alternately in front of and behind its mean place 

seope of moon’s orbit to the ^y a distance of six and a half seconds of arc Planets that 

, ECiyiPiic come near the Earth appear shifted still more in fact the 

The Moon s path is inclined five degrees to the h.-i £ __ ' ’ 

Ecliptic The two crossing-points, called the ^ es t way oi measuring the Moon s mass is by caiefully 

nodes, make a complete circuit m eighteen and a observing the little planet Eros for several months at a 

half years m the opposite direction to the arrow tlme when * lg near ^ ^ 

(2) The Tides are caused by the attractions of the Moon (and also the Sun) not being exactly the 
same on all portions of the Earth, since both the distance and direction are slightly different for different 
por ions Turning again to the figure on page 234, ABA'B' now represents the surface of the Earth 

^ j ei ^ S * t l Ce f tre, ^ d M 1S 61ther the M °° n or Sun By exactl y the same reasoning as before, we 
find that the line OH represents the disturbing force at a point O , also the disturbing force for a 
considerable distance round the points A, A' is outwards, while near B,B' it is inwards , if the Earth 
were not rotating the effect would be to cause high water at the points A, A', and low water at B B' 
The rotation of the Earth modifies this result, and actually the line joining the two points of high 
water does not point to the Moon, but to a point a considerable distance behind, or east of it 

xf’ “ ™ rrow ***' llke those around the Bri tish coasts, the time of high water is very much 
affected by the neighbouring land , and since in any case a full explanation of the tides is impossible 
without high mathematics, it is usual in elementary works to take the equilibrium theory, giving 
high water at A, A as being sufficiently near to the truth, and also easier to follow We have to note 
that the Sun raises tides on the Earth, as well as the Moon , indeed, from what we noted as to the 
superionty of the Sun’s pull on the Moon over the Earth’s pull, we might expect the Sun’s tides to 
be the larger , but there is a point that comes in here to help the Moon , it is not the whole pull of 
Moon or Sun on the Earth that is effective in raising tides, but merely the excess of the pull at one 
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part of the Earth over that at another part , now this is an effect m which proximity gives an additional 
advantage, so that tidal action varies as the inverse cube of the distance, instead of the inverse square , 
the Sun is 389 times as remote as the Moon , the cube of 389 is 58 millions , the mass of the Sun 
exceeds that of the Moon 27 million times , combining these numbers we see that the Moon’s tidal 
action exceeds the Sun’s in the ratio of 58 to 27, or 2J- times , it is rather a curious coincidence that 
this is the same ratio as the excess of^the Sun’s direct pull on the Moon over the Earth’s direct pull 
The solar tides are large enough to modify the lunar ones very appreciably , the two tides act 
together at New and Full Moon, and we then have tides that both rise and fall to a great extent , 
the solar tides always remain at the same hour of the day, but those of the Moon get later on the 
average by three-quarters of an hour daily , after New and Full Moon the solar tides precede the 
lunar ones, and the combined tide is earlier than the lunar one , the tides are then said to “ prime” , 
before New and Full Moon the lunar tide precedes the solar one, and the combined tide is later than 




From “ Knowledge ”J [Photo by E W Barlow 

THE PARTIAL SOLAR ECLIPSE OF APRIL 17, 1912 

This photograph was taken at Bournemouth at the greatest phase, 12h 5m p m , one-twelfth of Sun’s diameter remaining uneclipsed 
The eclipse was central some 200 miles to the south east, proving that the Moon’s diameter is in lound numbers twelve times 200 
miles (actual value, 2,160 miles) Some mountain peaks on the Moon’s edge are visible one-third of the way from the right cusp 

to the left one 
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[A C D Crommelm 

DIAGRAM ILLUSTRATING LUNAR PERTURBATIONS, TIDES, AND PRECESSION 
This diagram serves many purposes First, C is taken for the Earth, ABA'B' for the path of the Moon, M for the Sun 
Secondly, A B A' B' is the surface of the Earth, and M stands for either Moon or Sun , the second system is used for the 

explanations of Tides and Precession 


the lunar one , the tides are then said to “ lag ” At first and last quarters high tide from the Moon 
coincides with low tide of the Sun , the two tend to neutralise each other, and neither rise high nor 
fall low The total rise at neaps is little more than a third of that at springs 

The problem of calculating the tides m advance is very similar to that of calculating the Moon's 
place, for every variation m the Moon's motion has a counterpart in the tides , there is a further 
complication in the fact that the tides depend partly on the height of the Moon at the given station 
However, less accuracy is needed in tide prediction, and as it consists in taking the combination of a 
large number of separate waves, similar to those on page 227, it is possible to construct machines which 
give the result for a whole year in the space of an hour or two Machines known as tide-gauges, 
consisting of floats rising and falling with the water, whose movements are recorded on a revolving 
drum, permit the various tidal factors to be found for each station , with these, tidal prediction 
becomes simple 


I have already alluded to tidal friction, of whose existence we have a clear proof m the fact of the 
Moon's rotation having been slowed down to agree with its revolution , we can conclude from the 
exact accord between the two that the agreement is a permanent one, and that any future increase 
in the Moon's time of revolution will be accompanied by a corresponding increase in the time of 
rotation , in order that this may be the case, the Moon cannot be a perfect sphere, but must be some- 
what drawn out in the earthward direction , quite a small lengthening (far too small to be detected 
by observation) would suffice , this lengthening (whose amount has been estimated as 186 feet) gives 

rise to the “ physical librations " of the Moon , whenever, through 

the various disturbances in the Moon's motion, this long diameter 
wanders away from the centre of the disc, the Earth endeavours 
to bring it back , in the case of all disturbances of very long period, 
such as the secular acceleration, this adjustment acts perfectly, 
it also acts on the annual term m the Moon’s motion, produced by 
the changing distance of the Sun In fact the largest part of the 
physical libration has a period of a year, the amount of swing being 
somewhat over two minutes of arc each way (as seen from the 
Moon's centre) 

It has been found by Messrs Taylor and Jeffreys that the greater 
F 'Z m It™’ part of the tldal fnctlon on the Earth takes place m such partially 
the moon landlocked seas as the Irish Sea, where the tidal currents are very 

The arrows show the places of strong The opening must not be too narrow , thus the Mediter- 

SScT C (bnght k hTb? ranean and Baltlc contnbute little, but Behring Sea and the Sea 

from two different stations of Japan give a large share , using the best available data about the 
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speed of the currents, they found evidence of sufficient friction to explain the apparent acceleration 
of the Moon of nearly five seconds of arc per century, in addition to the six seconds of arc that is due 
to the Earth s orbit becoming more circular, which implies a slight diminution m the Sun’s 
disturbing action 
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[A C D Cromtmhn. 

UNEQUAL MOTION OF THE MOON 

The Moon’s place is calculated by first taking its motion as uniform, and superposing on the result the heights of a great 
number of waves, of which the five principal ones are shown above When a wave is below the base line its reading is to be 
subtracted , when above, added Each wave repeats itself indefinitely, with exact similarity each time , but since their 
periods are different, each month has a different combination of readings This is the reason of the great complexity in the 
Moon’s motion Practically, it never repeats itself exactly The Elliptic Wave and Evection were known to the ancients 
Tycho Brah6 discovered the Variations and Annual Wave Many hundreds of small waves are included m Brown’s Tables 
of the Moon, lately issued, and now used in the Almanacs It is merely for convenience that the above waves are all represented 
as starting at the same point , actually this seldom or never happens 
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[By permission of Encyclopadta Britannic a, Company 
TIDE CURVE RECORDED AT BOMBAY 


This curve was automatically recorded at Bombay by a float rising and falling with the tide, and registering on a drum 
It extends for a fortnight from the beginning of January 1, 1884 The change m the height of high water during the 
fortnight is shown by the top of the curves, that in the height of low watei by the bottom It is clear that the solar high 
water occurs shortly before noon and midnight The days of the month are written along the curves and help in tracing 

their succession 

(3) Precession and Nutation are effects produced by the Moon and Sun upon the Earth that are m 
many ways analogous to the tides, but are much slower in their action , while the tides repeat 
themselves twice in a day, nutation takes eighteen and a half years to run its course, and precession 
needs a mighty cycle of nearly 26,000 years , they are really two parts of a single action, and the 
division into two separate titles is made only for convenience 

If the Earth were a perfect sphere, an external body would exert no effect whatever upon its rotation 
or axial pose , one point on the surface being just like another, it would have no purchase anywhere 
The Earth however differs appreciably from a sphere , the fact of its rotation makes its equator 
bulge out, the equatorial diameter being 7,925 miles, and the polar one 7,899 miles, so that the former 
is twenty-six miles in excess l H or simplicity let us first picture the Earth as a sphere with a single 
mountain Using the same figure, page 234, that has been used both for lunar perturbations and for 
tides, let 0 be the mountain, and M the Moon or Sun Then by just the same reasoning as before, 
the disturbing force on 0 is represented by the line OH, that is, it tends to bring 0 down into the 
plane of revolution When the mountain is on the reverse side of the Earth, as at O', the disturbing 
force is represented by 0 H , that is, it still tends to bring the mountain into the plane of revolution , 
were the Earth not rotating, the mountain would actually move into the plane of revolution , but 
the fact of rotation modifies this, and the effect is simply to make 0 reach the crossing point of the 
plane a little sooner than it would otherwise do In oth&n words, the crossing point moves backwards , 
this is quite analogous to the backward motion of the Moon’s nodes Now, instead of a single mountain 
let us imagine a ring of mountains all round the Earth's equator , the action on each mountain would 
be the same and the backward movement would go on constantly But it is easy to see that a movement 
of the equator involves a corresponding movement of the north pole , m fact the pole, while it 
remains practically in the same position throughout any particular year, has a slow reeling movement, 
exactly like the reeling of a top , like the latter, it takes place in the opposite direction to the spinning 
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movement , while the spin is completed in twenty-three hours fifty-six minutes, the reel requires 
almost 26,000 years, so that less than a quarter of it has been completed since the dawn of history 
A portion of the past and future course of the north pole is given on page 228 It shows that our present 
pole star will continue to approach the pole for 179 years, being at its least distance (about twenty-eight 



From ** Knowledge ”] [Photo by MM Demetresco and Crojes 

THE ECLIPSE OF THE SUN, APRIIy 17, 1912. 

This photograph was taken at Paris Observatory, twelve and a half miles south east of central line The uneclipsed solar 
crescent, eight seconds of arc wide, appears as a confused glare through over-exposure The bright rim outside the Moon on the 
right is not the Sun but the chromosphere Several prominences appear, the largest being at the top near the solar crescent 
Another is just above the Moon’s right-hand point The faint glow outside the Moon on the right is probably the inner corona 
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minutes) m 2102 We are fortunate in having such a 
bright pole star at the present time , and it is interesting 
to note that Vega, the brightest star m the northern hemisphere, 
will be the pole star m about 12,000 years The earliest 
pole star of which we have historical knowledge is Thuban, 
or Alpha Dracoms , there is no doubt that it was the pole 
star when the great pyramid was built , the latter has an 
inclined gallery directed to a point 3° 42' below the pole, 
so that we want to find a date when Thuban was at this 
distance from the pole , the map shows that it was nearest 
to the pole about 2800 b c , but it was then too near the pole , 
the two dates when it was at the required distance are 
3440 b c and 2160 b c (These were deduced by Proctor , I 
have verified them within a century ) Historical reasons 
decide against the later date, so the first may be accepted as within a century of the truth , the 
editors of the Cambridge Ancient History assign the date 3100 on historical grounds, but it is pretty 
clear that it was some three centuries earlier 

The Great Bear was much nearer to the pole m Homer's time than it is now, and he wrote about 
Mediterranean latitudes, where the pole is lower down than in England Still, his statement that this 
was the only constellation that never dips in the ocean affords an example of the fact that “ Homer 
sometimes nods ” 

We see from the map that throughout the first period of Astronomy the pole lay m the Dragon, 
which thus occupied a position of honour at the top of the celestial dome It is quite probable that 
the imagery used in the Apocalypse, chap xn, vv 3-9, was suggested by this fall of the Dragon 
from the position of honour 

Of course the south celestial pole moves in a similar manner to the north , it did not, indeed, 
come within the cognisance of the early observers , still, the records of the stars that they knew enable 
us to locate the south pole of their times, for there was a circular space left unmapped by them, whose 
centre was the south pole Both Mr Proctor and Mr Maunder have used this fact for finding the 
date when the constellations were mapped out , it appears to have been about 2400 bc, or long 
after the building of the pyramid , but the constellation figures that have come down to us are 
probably of Asiatic origin, and possibly they repeated some work that the Egyptians had done 
earlier , or there may have been a revision of an earlier system of figures 

We may notice a confusion of names in the constellation Endanus 
The name Achernar, which means in Arabic “ the last of the river," 
formerly belonged to Theta Endam, but was later transferred to 
the much brighter star Alpha Eridam, which is seventeen degrees 
farther south This star has been brought farther north by pre- 
cession, and can now be seen in Egypt, where it was formerly 
invisible 

Precession is divided between the Sun and Moon in just the same 
proportion as the tides, that is, the lunar action is two and one-sixth 
times the solar action The action of each body vanishes when 
it is in the equator, for a body in that position has clearly no power 
to change the position of the equatorial plane This happens for 
the Moon once a fortnight, and for the Sun once in six months 
Hence precession does not go on at a uniform rate, but by jerks, 
whose size increases with the distance of Sun or Moon from the 
equator , for convenience precession is looked on as progressing 
uniformly, and all changes m its rate are collected under another 

i 
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Barlow 


[E W 

llh 46m 30s GMT 
The eclipse is here seen eighteen and 
a half minutes before greatest phase, 
two-thirds of Sun’s diameter being 
hidden 
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12h lira GMT 


[E W Barlow 


Six minutes after greatest phase , right-hand 
edge of Sun now visible 




Splendour of the Heavens 


239 


heading, “ Nutation ” There is a small lunar nutation with period a fortnight, but a much larger one 
in a period of eighteen and a half years, in which the Moon’s nodes revolve , for we saw that for part 
of the eighteen and a half years the Moon’s orbit is highly inclined to the equator, and the action 
then goes on more rapidly , but it slows off in the periods of small inclination The solar nutation 
has a period of six months The word nutation means “ nodding,” and it is used because through it 
the pole describes a wavy, serpentine path, instead of a circular one 

The planets also plav a small part in precession , this is not however by shiftmg the plane of 



By permission of] [ENA 

THE TOTAIy ECIylPSE OF THE SUN ON SEPTEMBER 21, 1922 PHOTOGRAPHED AT WAEEAE, WESTERN 
AUSTRALIA, BY THE CROCKER ECLIPSE EXPEDITION, WITH A FORTY-FOOT CAMERA AND THIRTY-TWO 

SECOND EXPOSURE 

The Eick Observatory Expedition, under Prof Campbell, succeeded in verifying Einstein’s prediction of the deflection of the 
rays of light from the stars by the Sun’s gravitation , they also secured some beautiful photographs of the corona The original 
negatives show much more detail than we can see m the reproductions 

the equator, but by shifting the ecliptic, or plane m which the Earth goes round the Sun , this has 
an indirect effect by slightly altering the distance of Sun and Moon from the equator 

Occultations of stars by the Moon form a very pretty spectacle, and one that our readers may 
enjoy with quite a small telescope Indeed, if they desire to do really useful work they have only to 
record the exact times of disappearance of the star, gettmg their time by the wireless signals that 
are now so widely distributed. Perhaps the most attractive are those when the Moon is sufficiently 
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mJA near New to enable the dark part to be 

seen by earthshme, as one can then watch 
the approach of the star to the Moon's 
limb, and see for oneself how rapidly the 
Moon moves , the disappearance and re- 

^ S appearance take place with startling sud- 

S denness, and afford one of the most 

jfc? decisive proofs that the Moon is practi- 

cally airless As this is a conclusion of 
great importance it is well to trace out the 
proof in some detail There are two ways 
of measuring the diameter of the Moon , 
\ the first is by observing the disappearance 

\ and reappearance of a large number of stars 

\ during a total lunar eclipse , this time is 

\ chosen because much fainter stars can then 

g8 PP| |^ I he observed close to the Moon than when 

flSgjg^ I it is shining brightly In this way it was 

i\\ / found that the Moon’s radius, when at its 

Y fpig^ ; ; \ average distance, covers an angle of 

, ‘ \ 15' 32" 65 Direct measures of the apparent 

j l , \ / size of the Moon, made with the transit 

• \ / circle at Greenwich during a period of 

seventy years, give a value of the radius 
ill' 1*1 one and a quarter seconds greater than this 

IfKIilllllltlll 1 1 1 |K| , l , iiiiiiiim value A lar ^ e p art ^ if not all > thc exccss 

From “ Knmoledge ”] t A fl cr R A ProCor CEn te ^Cnbed to the known CdUSeS of 

TOP DESIGNED to show precession diffraction and irradiation, which make all 

This top h£9 a conical space cut away, and is made to spin on a spike bright ob]ectS look somewhat bigger in 

,KCT The lower part of the top should oe weighted with lead to + u p than tboir trno Hirrw*n^rmQ 

i balance the part removed MN is a handle held against the axis while tne teiesco P e tnan tneir true dimensions , 

starting the top, and then removed The arrows show thc directions the highest Value that WC Can ascribe to 

of spin and of reel refraction at the limb of the Moon is 

about half a second , it is to be noted that refraction would shorten the time during which 
k star is hidden behind the Moon Now the refraction of the setting Sun on thc horizon has been 
pleasured and found to be about 2,000" If we imagine a ray just missing thc Earth's surface, and 
then passing out of the atmosphere again, it would be double this, or 4,000" , it follows then that the 
refraction at the Moon's limb is at most one-eight-thousandth of that in our atmosphere This means 
an almost perfect vacuum It has been objected that most occultations are observed at the dark 
limb of the Moon, and that during the intensely cold lunar night (temperature several hundred degrees 
below zero) an atmosphere might be frozen which was present in the lunar daytime However, at 
times stars of the first magnitude, notably Aldebaran, pass behind the Moon , these can be well 
observed at the Moon's bright limb, and the discussion of these observations shows that even in the 
lunar daytime no refraction takes place exceeding some two seconds, which still corresponds to a 
high vacuum The matter is worth this full discussion, since Professor W H Pickering and some 


‘ Knowledge ”] 


[After R A Proctor 


TOP DESIGNED TO SHOW PRECESSION 
This top h^s a conical space cut away, and is made to spin on a spike 
iKCT The lower part of the top should oe weighted with lead to 
i balance the part removed MN is a handle held agamst the axis while 
starting the top, and then removed The arrows show thc directions 
of spin and of reel 


other observers have announced in recent years that they detect marked changes in the relative 
brightness of different regions surrounding certain craters, notably Eratosthenes, which they ascribe 
to some form of vegetation that runs its course in a lunar month It is perfectly true that this would 
be the period of vegetation on the Moon , there are practically no annual seasons, the range of the 
Sun on each side of the lunar equator being only one and a half degrees, about one-fifteenth of the 
range on Earth , moreover the lunar night a fortnight long, with its intense frost, must act on vegetation 
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as severely as a long winter The arguments given above appear conclusive against theie being a 
continuous lunar atmosphere dense enough for vegetation , the only suggestion that renders the 
idea tenable is that there may be local emissions of gas and water vapour round certain craters, due 
to the survival of a remnant of volcanic activity Before adopting the vegetation hypothesis it would 
be well to consider the possible explanation due to the continual change of angle of illumination as 
the Sun travels across the lunar sky, and the fact that different chemical substances have different 
reflection ratios for a change of angle 

It is instructive for us to try to picture the aspect that the heavens would present to an imaginary 
lunar observer The stars would travel round the sky owing to the Moon’s rotation, as they do to 
us, but far more slowly, requiring twenty-seven and one-third of our days to complete their course 
The pole about which they turn is distant only one and a half degrees from the pole of the ecliptic 
(see page 228) The lunar pole goes round this latter pole in eighteen and a half years, whereas our 
Earth’s pole takes 26,000 years Owing to the Moon’s annual journey the Sun takes twenty-nine and 
a half days (two days longer than the stars) to return to the same position It would be below the 
horizon for half this period The Earth would remain very nearly fixed m the lunar sky , it would, 
however, swing for a few degrees on each side of its average position, corresponding to the lunar 
librations that we observe The Earth would show phases which would always be the opposite of 
the Moon’s phase to us , thus when the Moon is new or full to us, the Earth is respectively full or new 
to the Moon There are two reasons why we see the earthshine best when the Moon is a thm crescent , 
first, because the Earth is then more nearly full to the Moon, and secondly, because the thm crescent 
has less power to light up our air than the more fully illuminated Moon , and this atmospheric glare 
soon overpowers the earthshine The full Earth appears thirteen times as large as the Moon docs to 



The inclination of the Moon’s path to the equator changes rcgulaily m a period of eighteen and a half ycais It is gicatest 
(over 28 J°) m 1913, 19^1, etc , it is least (about 18°) in 1922, 1941, etc The Moon’s precessional action is much greater 
m the vears of great inclination However, for convenience, precession is considered to be uniform, and the variations m 
it are put down to nutation Hence the large lunar nutation m eighteen and a half years The points wheit the ecliptic 
crosses the equator are denoted by the signs T , which are read as “ First Point of Aries,” “ First Point of lyibra ” 
Actually they aie now m the constellations of the Fishes and the Virgin 
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us , and as the albedo of the Earth is higher (see page 108) it would give fully thirt}' times as much 
light , it is therefore not surprising that we can see a good deal of detail m the earthlit portion Sir W 
Herschel saw the bright crater Aristarchus and took it for an active volcano Professor Shaler 
of Harvard noted that the same regions that look bright at Full Moon also look bright in the earthshine 
This is important as tending to show that there is no great difference in the state of the lunar surface 
by day and by night It would be useful to study Eratosthenes m the earthshine to see how the 
formations appear that Professor W H Pickering describes 

A few other points in which the absence of atmosphere would affect the aspect of the heavens 
from the Moon may be noted There would be no sky illumination, and by simply shading the Sun 
from one's eyes one could see the faintest stars by day The same applies to the corona and zodiacal 
light , also there is no twilight, as we can verify for ourselves by noting the extreme sharpness of 
the boundary between day and night , a mountain peak that has caught the rising Sun shines 

brilliantly, while the valleys round it are 
still m darkness 

The planets as seen from the Moon 
would be in nearly the same positions 
as from the Earth , the nearer ones 
would however undergo a small, but 
quite appreciable shift as the Moon 
performs its monthly journey round the 
Earth It may be mentioned that 
measurement of this shift would enable 
the lunarians to determine the Sun's 
distance far more accurately than we 
can 

It is an easy matter to calculate what 
the amount of the attraction of gravity 
is at the surface of the Moon , this is a 
matter that would considerably alfect 
the powers of our imaginary lunarians, 
and it also has a practical bearing when 
we come to consider the forces that have 
moulded the Moon's surface, for a diminu- 
tion of attraction means that a given 
amount of force will send a projectile 
much farther The attraction is directly 
proportional to the Moon’s mass, and 
inversely proportional to the square ot 
the distance from its centre The distance 
from centre is three-elevenths of that on Earth , multiplying this by itself and turning the result 
upside-down we obtain one hundred and twenty-one ninths , we have to divide this by eighty-one, 
since the Moon's mass is one-eighty-hrst of the Earth's , we obtain as result that gravity at the Moon’s 
surface is one-sixth of that on Earth This means that if we sprung from the ground with a given 
speed we should reach a height six times as great on the Moon as on the Eaith, and stay six times as 
long in the air Also a cricket ball flung with the same speed and at the same slope would travel six 
times as far before reaching the ground Thus it the lunar ring-mountains were formed, as some 
have thought, by projection of matter from a central volcano, their much larger size than the 
terrestrial craters would be explained 

Another rather surprising result has been deduced from this small gravity on the Moon The 
Earth's atmosphere, though so dense near the surface, falls off very rapidly in density as we go up, 



[ W H Pickering 


OCCUIyTAl ION OF JUPITER BY THE MOON, 
AUGUST 12, 1892 

Jupitei disappeared at the Moon’s bright limb and leappcaicd at the 
dark one The photographs show no signs of any distoi lion of J upiter’s 
disc by lunai atmosphere Jupiter bcuig five tunes as far from Sun 
appears fainter than Moon 
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From “ Astronomy for All ’J \ By permission of Messrs Casstll & Co , Lid 

STEREOSCOPIC VIEWS OF THE MOON 

By taking advantage of the Moon’s libration, photographs may be obtained giving slightly cliff ti cut 
aspects On combining these in a steieoscopc, the Moon is seen to stand out m relief as a globe 


so that our airmen 
at a height of five 
or si\ miles have 
generally to resort 
to oxygen to sup- 
plement the very 
thin air At a 
height of forty oi 
fifty miles the an 
is so thin that m 
ordinary language 
we should be justi- 
fied m calling it a 
\ acuum However , 
even this very thin 
an suffices to 

cause the shooting stars to glow that are rushing through it at speeds of many miles per second , indeed 
many of them arc completely burnt up and reduced to powder, even at these great heights Now the 
lesser gravity on the Moon has the effect of making the density of the air diminish much more slowly as 
we ascend than it does on Earth It has been calculated that assuming the density at the Moon's 
surface is only 1 /10,000 of that on Earth (a quantity that it may quite well exceed) then at a height 
of some forty- three miles the densities of the two atmospheres would be equal, while it we went still 
higher that of the Moon would be the denser Thus it turns out that the Moon’s atmospheie may form 
as efficient a screen against meteoric impact as that of the Earth 

However, even if this atmospheric screen is present, the dust produced from the meteors would 
m time settle down on the Moon , now it is clear that the same number of meteors must strike a square 
mile of the Moon as of the Earth And since we find meteoric dust even m the ooze dredged from the 
ocean bed the question has been put “ How is it that the lunar surface is not uniformly covered with 
this dust, all variations of tint being obliterated ? " The chief difficulty is about several vciy white 
regions on the Moon, in particular the crater Aristarchus Since these occur mostly in mountainous 
regions I make the suggestion that the slope may be too great for the dust to lie, and that it slides 
down into the valleys The great difference of temperature between day and night on the Moon 
would cause expansion and contraction, which would help in making loose mattei descend to lower 
levels The so-called “ Seas ” are the most level regions of the Moon, and their dark coloui is quite 
consistent with the presence of meteoric dust 

As a conclusion to this chapter I propose to give in outline the process by which Newton concluded 
that the force which keeps the Moon circling round the Earth is the same as that which makes an 
object thrown into the air return to the ground Although the original idea required a genius to 
discover it, its verification requires no more than simple processes of geometry and arithmetic Simple 
observations on Earth show that a body dropped from a height falls sixteen feet in the first second 
Now the Moon is sixty times as far from the Earth’s centre as the Earth's surface is , hence the force 
of gravitation at the Moon's distance, due to the Earth's attraction, should be 1 /3,600 of that at the 
surface (3,600 being the square of sixty) So if we calculate the fall of the Moon to the Earth in a 
second, and multiply it by 3,600 we should get sixteen feet 

Now we get the fall of the Moon m a second by finding how far it is bent away in a second from 
the line m which it was moving at the beginning of the second Using the figure on page 234, if the 
Moon be at A at the beginning of the second, and at 0 at the end of it, AN measures the fall m a second 
By a proposition in “ Euclid," Book III, ON 2 = AN NA' 

Now since A is very near O, ON is equal to the arc AO, that is to the circumference of 
the Moon’s orbit divided by the number of seconds in 27 32 days Also NA' is practically twice the 
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Moon’s distance from the Earth oi +78,000 miles 


Thus AN m mill s = 


/ 478,000 X 3 142 y 
\27 32 X 24 x 3,600 ) 
478,000 


AN in feet = 478,000 ,, 5,280 


3 142 y 
\27 32 x 24 x 3,600/ 

5 280 being the number oi teet in a mile 

Working this out (preferably by logaiithms), and multiplying the result by 3,600 to reduce to the 
Earth’s suriace, we find for the answei 16 1 feet, just the quantity required to prove Newton’s Law 
of Gravitation Newton was foi a time kept back through using the wrong radius of the Earth 
Fortunately he was then able to use Picard's new value, obtained from careful surveying work, and 
quickly verified his Law 



TIIIC CORONA Oil J ui ( \ 211, 1878 

This drawing was tiuuU 1>\ Piol bangle y fiom tlu summit of Pike’s Peak, 14,100 iccthigh Xu that thin an he could tiace 
the corona for eleven million miles In mi the Sun, a giculu distance than any other observer, and saw it foi foui minutes after 
the end of totalih Sunspot activity was at a minimum in 1878 (set page ] 12) At such times the coional extensions are m 

Sun’s t quatoi 


THE HISTORY OF THE EARTH-MOON SYSTEM ACCORDING 

TO THE TIDAL THEORY 

Bv C D t rommfi in, B A , F R A S 

It has been mentioned m ( hapter II that Sir (jeorge Darwin suggested that the Moon was a 
disrupted fragment of the Earth yhich had assumed its present position owing to the action of tidal 
fnction We are now to entei into this fascinating theory in greater detail It must be stated 
that Darwin arrived at lus ideas by considering the present condition of the Earth and Moon, 
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and then 
woi king back- 
wards to the 
period m the 
distant past 
when Earth 
rotated and 
Moon re- 
volved m the 
same short 
time He 
merely threw 
out as a sug- 
gestion that 
the Moon was 
born from the 
Earth How- 
ever, this idea 
is such a 
natural and 
simple ex- 
tension of the 

picture which he has already adopted as proved, that it seems to belong to the theory 
We will therefore start by considering the system as a single body m a molten condition rotating 
in three to four hours This rapid turning motion set up a strong outward force— known as centrifugal 
force — which tended to counterbalance gravitation m the regions near the equator Probably 
this force was not m itself sufficient to enable any part of the Earth to tear itself away from the whole 
But another cause may have helped it 

The solar tides acting on the molten Earth set up in it a vibration with a period of half a day, which 
in these times was something under two hours Now it may be shown mathematically that the 
natural or free period of oscillation of a liquid globe of the same materials and density throughout 
is about one and a half hours The fact that the mass of the Earth is unevenly distributed complicates 
matters to some extent But when allowances have been made it seems likely that this free period 
of vibration for the Earth's molten mass was of roughly the same period as the forced oscillation 
set up by the tides If this was the case the amplitude of the total vibration must have become very 
large at intervals It is on a similar principle that soldiers are not allowed to cross suspension bridges 
in step with one another By doing so they would produce vibrations of the same phase and period, 
which would add together to produce one of very large amplitude In our case at one of the greatest 
high tides thus produced, equilibrium may have been broken, and a large fragment thrown off 
The Earth may thus have passed through the shapes illustrated m Chapter I— from spherical 
becoming m turn spheroidal, pear-shaped, and finally dividing off m the manner indicated The 
question arises as to what happened to the larger fragment Did it show no after signs of the 
tremendous catastrophe ? The process, as we have mentioned, probably took place when the Earth 
was molten It would therefore resume its natural spheroidal shape after a short period But Pro- 
fessor Pickering threw out the tentative suggestion, which cannot be voted altogether impossible, that 
the cavity of the Pacific Ocean is the remnant of the hollow from which the Moon issued On his 
view the American Continent was produced by a great landslide towards the chasm An enormous 
crack was thus formed which is now filled by the Atlantic Ocean 

To resume our story The smaller fragment cannot have existed as a single large body at first 
It must have consisted of an aggregate of particles perhaps arranged in a fashion similar to Saturn’s 



THE BORE ON THE RIVER TSIEN-TANG-KIANG, CHINA 
In some fivers, owing to contraction of the estuary, the tide rises very abruptly as a great wave, 
dangerous to navigation The picture helps us to realise the magnitude of the tidal forces 


Splendour of the Heavens 


247 


Rings Some unknown inequality must have made it begin to consolidate on one side of the Earth 
There is here a gap 01 weak point in out theory in that it gives no hint as to how the consolidation 
took place Indeed, as we shall see later, this cannot have been complete until the matter had been 
pushed out a distance of 1 1 000 miles oi ovei It is probably more honest to admit that some unknown 
cause must have assisted both the outward movement and the consolidation 

We take up our thread again with a single body, which we can now call the Moon, close to the 
Earth, revolving round it nipidly, and at the same time rotating on its own axis 

At first the Earth’s day and the Moon’s month must have been of exactly equal length This 
state of affairs was, howevei unstable A slight disturbance caused the Moon’s speed of revolution 
to dimmish It thus began to cross the Earth’s equator from east to west, and tidal friction began 
to have its play 

The Figure on page 240 is a plan of the system we are considering The circle E represents the 
undistorted Earth, and the ellipse the 


shape which the tidal action of the Moon 
has made it assume T lie aic M]Mg is 
part of the oibit of the Moon, which at 
this stage was practically circulai 

Taking the Moon to be at M 2 the 
Earth would adjust its shape to that 
of the ellipse shown it theie were no 
friction The effect oi the friction is 
that the distortion does not change 
quite quickly enough Since the Faith 
rotates moie rapidly than the Moon 
revolves it carries the distorted shape a 
little bit m front of the Moon In oui 
diagram this is indicated, for simplicity, 
by supposing that the Moon has only 
got to M] and the Earth is still the 
ellipse shown The i dative positions 
of Moon and Earth are occupied with 
approximate rigidity^ as the system re- 
volves about 0, tlu centre of the Edith 

We thus have to considei how the 
Moon will act on the unsymmetncal 
mass shown m the diagram By choos- 
ing our masses suitably we can replace 
the inequalities in the Ku th’s shape by 
particles of equal mass at the points 
P x , P 2 on the axis ot the ellipse 1 he 
Moon acts on the particles will) a toicc 
depending directly on the masses, and 
inversely on the squares of then dis- 
tances from it As the masses are equal 
the attraction on that at P x is the 
greater of the two 

Now MjPx, M x P 2 , the lines of action 
of these forces, arc seen to be on opposite 
sides of M x O, the line joining the Moon 
to the Earth’s centre Hence the force 



DIAGRAM ILLUSTRATING THE DISTANCE OF THE MOON 
FROM THE EARTH 

a he lUustiation shows thiity Earths spanning the distance to the Moon, 
aiul states the times that objects moving at certain speeds would require 
to leach the Moon (the speed being supposed constant) 


i 


f 


i 
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at P x is hindering the Earth s rotation and that at P 2 is helping it Since the first of these is the greater, 
the total effect is that the Earth's rotation is slowed down slightly 

Again, action and reaction being equal and opposite, the Moon of course is acted on by the particles 
The force in the direction U 1 P 1 is helping its onward motion , that m the direction is hindering 
it The total effect is thus, in this case, to increase its speed 

Paradoxical as it may seem, the effect of this momentary increase of speed is to push the Moon 
outwards and eventually to reduce its speed below what it was before When the speed increases 
the tendency which it has owing to gravity to drop m towards the Earth is lessened It thus moves 
outwards somewhat in the manner shown in the diagram, page 252 (top) As soon as it has done this 
the attraction of the Earth ceases to be at right angles to its motion and, instead, acts m a backward 
direction, thus retarding its speed This final effect overcome^ and replaces the original increase of 

speed — for the direct action of the Earth 
is far greater than the tidal forces that 
caused that increase 

This double process — the slowing 
down of the Earth and the pushing out 
of the Moon — once started must, unless 
disturbed, have continued for countless 
ages In the early times when Earth 
and Moon were both hind and very 
close to one anothei the tidal action 
must have been many times what it 
is at present Indeed, the efficiency of 
our slowing down process depends on 
the distance in a startling manner We 
have seen that the tide-raising power, 
and hence the amount of distortion, 
varies as the inverse cube of the distance 
of the disturbing body But the actions 
and reactions that produced the re- 
tardation, depending, as they do, on 
the difference between two nearly equal 
forces, themselves constitute a tidal 
effect Their magnitude therefore also 
varies as the inverse cube of the distance 
of the Moon from the Earth The total 
effect must depend on the product of 
these two factors of change, and thus 
varies as the inverse sixth power of the distance When the Moon has doubled its distance, its tidal 
friction efficiency has become scarcely one-sixtieth of what it previously was 

The retardation, which was probably rapid at first, thus suffered from its own excesses, and quickly 
became a very slow process It must be noted that our account has assumed the elementary or 
equilibrium theory of the tides, for we have taken high water to be under and opposite to the Moon 
As has already been mentioned m the first section of this chapter, this neglects to take account of the 
rapid motion of the water m the tides On the dynamical theory the position of high water depends 
on the depth of the fluid In the case of very deep fluid the high water is still under the Moon In 
the case of shallow liquid the reverse actually holds, and we get low water m the place of high 
Present day conditions are so very complicated that none of these theories is in any way complete 
But in the oceans — away from the interference of land — it has been found that our simple theory is 
nearest to the facts 



Greenwich Observatory] 1 By permission of the Is trononur Royal 


THE EARTH-SHINE ON THE MOON PHOTOGRAPHED 
By giving a prolonged exposure the earth lit portion can be clearly seen 
and the so called “seas ” are faintly indicated The bright crescent is 
over-exposed and shows no detail This photograph helps us to realise 
that our Eai th is a shining orb 
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Our plate shows the aspect of the sky as seen, lookup! North anti South, front Westminster HrltlKO Imt the positions ot the stare 
will be practicilly the same for any pi ire m the latitude of Greit lint uti 

The constellations will ippoir m the positions shown on August 1 at about it to pm (Greenwich Mean lime). 
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However, the phenomena ot retardation do not 
depend on this Foi it may be shown that the effect 
of fluid friction in a shallow ocean is to throw the pro- 
tuberances backwards This case is illustrated in the 
second Figure, page 252 Here the Moon is at M and 
the tidal distortions supposed concentrated equally at 
Pi, ?2 The attracting force m MP X is the greater of the 
two, and this again is hindeung the rotation Thus here 
also we find that the Earth's rotation slows down and 
consequently the Moon is pushed out 

In the early stages, Earth and Moon being fluid 
throughout — or at all events to a great depth — we see 
that we were justified in assuming high tides to be undei 
the Moon Our .last argument shows that the process 
would continue in the same manner, though with much 
reduced energy, even after the planets had solidified 
It is interesting to note that after the crust formed, the 
solid Earth continued to have a small tide of its own 
The extent of this has actually been measured by means 
of Michelson’s interferometer 



CONJUNCTION OF MARS AND THE MOON, 
SEPTEMBER 28, 1909 


The Moon in her monthly cueuit of the skv 
necessarily passes near all the planets Some of 
these conjunctions aie closer than others , at 
times the planet is actually hidden by the Moon 


The Moon, we have said, had originally a rapid 1 otation of its own This also was affected by tidal 
friction Indeed, since the attracting body, the Earth, is eighty-one times as heavy as the Moon, the 
retardation was very much more speedy Further, an additional cause was provided tending to 
separate Earth and Moon 

One of the consequences of the theory is that the Moon must once have possessed an atmosphere 
and great internal heat This may perhaps have been preserved till after its solidification, 
in which case we can account for the mighty volcanoes which cover its surface 

We follow the receding Moon 
outwards in space through its 
career of countless ages The 
month continues to increase, as 
also does the Earth’s day But 
the former change is more rapid 
When we began our history the 
two periods were almost exactly 
equal As time passed the month 
became two, three, ten, days, 
while the day itself changed 
greatly from its original five hours 
A crisis arrived when the month 
became twenty-nine days long 
Here, calculation shows, the max- 
imum length of the month as 
compared with the day was 
reached 

Although this state was at- 
tained at some nameless age in 
the past — probably only to be 
reckoned m tens of millions of 
years— we see that it is a 



The 


DIAGRAM ILLUSTRATING THE RETARDATION PRODUCED 
BY TIDAL FRICTION 

In this figure the high tides are shown under and opposite to the Moon 
distorted shape ot the Earth’s equator is shown by the ellipse The arc M on 
the left is part of the Moon’s orbit Owing to the Earth’s rotation the pro- 
tuberance is carried a little bevond the Moon In this way unequal forces arc 
set up in the lines MjPj, MjPj, the retarding force, that mMjP,, predominates, 
and the Earth is slowed down 
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comparatively late epoch m the history of the system Afterwards we find the same retarding process 
going on ever more slowly The month and the day are still lengthening But now the day changes 
the more quickly The number of days in the month thus begins to dimmish 

We are gradually brought to our present period, of which the reign of mankind on the Earth is 
but a brief episode Within the time during which man has made observations of such prominent 
phenomena as eclipses, the month and the day have suffered no apparent change If change is to 
be measured, it must of course be shown by a slight alteration m the motions of the stars It might 
be supposed that ancient observations were too inaccurate for us to base any calculation upon But 
m the case of eclipses the place of observation, giving the exact position of the shadow cone of a 
known eclipse, affords that element of precision which would generally be missing The data of the 
eclipse can be cast back with the greatest accuracy, if we assume the familiar laws of geometry and 
mechanics In this way the narrow track of totality can be compared with the bare mention of 
darkness at a given place by some ancient observer As we shall mention later, the work of Cowell 



ROCHE’S FIGURE OF A SATELLITE WHEN ABOUT TO BREAK UP UNDER THE TIDAL 

INFLUENCE OF ITS PRIMARY 

In the case illustrated the satellite and the primary are supposed to be of equal density The ncaiest safe distance 
separating them is then two and five elevenths of the planet’s radius 

has seemed to indicate a slight retardation in the Earth’s rotation, but the amount of change in the 
length of the month is almost inconceivably small 

The following table will form a useful summing up of the account we have so far given The 
dates m millions of years should probably be multiplied by five or ten We have no means of deter- 
mining them absolutely Darwin calculated them by assuming “ that tidal friction always operated 
under the conditions most favourable for rapid change " 


Time in millions 
of years 

(dating backwards) 

1 

1 

Sidereal day in Mean Moon’s sidereal period 
Solar hours in Mean Solar days 

h d 1 

Number of sidereal 
days in month 

d 

j Moon’s distance in 
, Earth’s mean radii 

i 

0 00 

23 93 

i 

! 27 32 

27 40 

60 4 

46 30 

1550 

18 62 

, 28 83 

46 8 

66 60 

! 9 92 

i 8 17 

19 77 

27 0 

66 30 

7 83 

3 59 

11 01 

15 6 

56 81 

6 75 

1 58 

5 62 

, 9 0 

— 

5 60 

! 0 23 

1 00 

1 5 




It is not strictly accurate to speak of one body travelling lound another under gravitation, In reality each travels round 
die common centre of gravity In the case of the Earth and Moon, the ratio of masses is 81 to 1, and the centre of gravity 
1S xJ ree thousan<i miles from the Earth's centre At Full Moon the Earth is on the sunward side of the centre of gravity, 
at New Moon on the opposite side This motion causes the Sun to appeal six and a half seconds of arc in front of its 
average place at the Moon's First Quarter, and an equal amount behind it at the East Quarter 
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We do not stop here As the little brook falling 
down a gentle slope eventually digs for itself a valley 
many hundreds of feet deep, so do the inexorable laws 
of tidal friction produce their far vaster effects 
Month and day will still lengthen, the latter still 
doing so the more rapidly We pass over a gap of 
time compared with which the history we have 
already traced must be scarcely more than an hour 
in a century And at last we reach an epoch in which 
day and month are once more equal in length Each 
now occupies a period measured by fifty-five of our 
days 

A strange state of affairs it is The Moon remains 
rigid m the heavens Night and day it hangs over 
the same spot, shifting but slightly owing to the 
irregularity of its motion The Earth's own night 
must plunge half its surface into the temperature 
experienced by the Antarctic plateau during its 
winter 

This is the state which the Moon has already, and 
for a long time, reached The fact that we can see 
that it has done so, is a strong corroboration of our 
theory The fact would be utterly unaccountable 



THE MOON MOWNO X\\ AY FROM 
THIS KXRTH 

When the Moon’s velocity at M t is uici eased, its path 
ippioaches moie nuuly to the (Unction M 1 T 1 oi its 
motion It thus moves outwaids along the tiach MjM 2 
Xt M 3 its direction of motion is M 2 'l 2 The attracting 
force in the lmc M 2 E is seen to Ik lctaulmg its speed 
Xs we have mentioned in the U\t this lctaidation is 
the lcsultnnt effect 


without the assumption of tidal friction 

It might be thought that the great process is at last ended But this is not the case The 
Earth is still rotating slowly relatively to the Sun The Sun continues to pioducc its somewhat 
weaker tides Tidal friction thus still has its action , and the Earth’s rotation is further retarded 



UOW TIDE UNDER THE MOON 

This diagram illustrates the case which occurs in a shallow ocean, when low tides are 
under and opposite to the Moon Calculation shows that here the effect of tidal 
friction is to throw the protuberances backwards The action on the Earth’s rotation 
depends on the difference between the forces m MP„ MP 2 That m MP. being the 
greater the total effect is again retardation 


A new state of affairs 
anses r \ ho day is longer 
than the month The 
friction thus causes the 
protuberance to be left a 
little behind the Moon In 
the diagram on page 249, 
this can be illustrated by 
plating the Moon at M 3 
It is now seen that the re- 
sultant effect is to quicken 
the Eaith's lotation and 
consequently to bring the 
Moon inwards 

This effect, though 
mentioned by Darwin, 
could only be inconceivably 
weak It is a matter of 
dispute whether in the case 
of the Earth-Moon system 
it will take place at all The 
slightest disturbance would 
counterbalance its influence 
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This indeed is one ol the ditteronces between the first period of rapid motion and this final period 
— the two epochs of our history m which day and month are equal The foimer state was unstable, 
the slightest disturbing cause being, as we have seen, sufficient to upset it, and to lead without 
intermission to the most tremendous changes Unstable equilibrium or steady motion can never 
last A pencil balanced on a knife-edge illustrates this point It will be found impossible to keep it 
at rest for any length of time On the other hand, the last dreary state which we have foreseen, is 
by its nature stable, and small displacements will be followed by a return to the starting point A 
familiar example is a ball rolling in a fairly smooth hemispherical bowl 

Wells, m his romance “ The Time Machine/’ has drawn a wonderful picture of the Earth in those 
far-off days He has much undei -estimated the time required, but his inspiration is entirely drawn 
from the tidal theory He imagines the Earth as having reached the stage when it turns one face 
to the Sun “ The huge red-hot dome of the Sun has come to obscure nearly one-tenth of the heavens ” 
But it gives out little heat It is very near 
the Earth, for a resisting medium has 
drawn the latter inwards 

The scene of the desolate beach with 
the crab-like creatures crawling about it , 
of the still, tideless, ocean , and of the 
tiny flakes falling in the gathering gloom, 
is irresistibly vivid We owe no small 
debt to our theory for having provided 
the materials for this powerful work of art 
I mentioned that it was in dispute 
whether the Moon would begin to return 
to the Earth as soon as the day became 
longer than the month Theie is one case 
in the Solar System of a satellite taking 
less time to revolve round its primary 
than the latter takes to rotate on its axis 
This is Phobos, whose month is seven 
hours, as compared with the Martian day 
of just over twcnty-foui hours Though 
Phobos is much less massive than the 
Moon it is also far nearei A simple 
calculation, on the basis that the tidal 
friction effect varies as the inverse sixth 
power of the distance shows that its power 
m this process is actually greater than 
that of the Moon It therefore seems a 

certain conclusion that it must be approaching Mars and at the same time inci easing its speed One 
day it will perhaps fall upon the planet, its final approach being accelerated by the resistance of the 
latter's atmosphere 

Various other phenomena m the Solar System afford illustrations of parts of our theory Markings 
observed on some of the satellites of the giant planets seem to indicate that they turn one fasce to 
their primary The great mass of these planets makes it probable that this would happen 

The case of Venus and Mercury has already been dealt with m Chapter II If the suggestion 
that Mercury is an escaped satellite of Venus is sound, there is further valuable confirmation of our 
theory The solar tides, unaided by a satellite, should not have been sufficient to slow down Venus’s 
rotation to the condition apparently observed But the mutual action of planet and satellite would 
have had a powerful retarding power on each 



KARTHIyir NRW MOONT, IMBRUARY 17, 1907 
“ 7 hi Old Moon in the New Moon's 'Inns u 
\s stated m the text, it is possible to see a cousuluablt amount of detail 
ou the K<irth lit Moon The picture, liowevtr, somewhat exaggerates 
the clearness with which it can be seen 
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We have now to mention an interesting kindred effect which is illustrated, so far as we know, 
by only one body— or rather aggregate of bodies— in the universe, namely, Saturn’s Rings These 
will be described in detail in the Chapter on Saturn Here, we are simply concerned with the fact 
that they are not single annular forms held rigidly together above the equator Clerk-Maxwell showed 
conclusively that they must consist of multitudes of small particles revolving about the primary 
with speeds depending on their distances from it 

The tidal theory provides a plausible explanation of the existence of these strange objects 
For clearness, we will imagine a large satellite being brought closer and closer to its primary We 



say large, because in this case the forces of cohesion — 
that is the resistances which rocks offer when we try 
to pull them asunder — become negligible compared with 
the mutual gravitation of its particles The shape is 
thus practically spherical — or rather, spheroidal As the 
body approaches its primary, the tidal forces become 
greater and greater, and the form which it is made to 
assume by rotation becomes more and more elongated 
Professor Roche has shown that if this elongation 
becomes too great, instability will set in, and the satellite 
break into small fragments 

As a matter of fact, it is improbable that Saturn's 
Rings have ever existed as a single large body But 
obviously the forces that would have broken it up, had 
it been there, are acting as an effectual check against 
it forming As we mentioned in the case of the Moon, 
it is a little difficult to see how it could even begin to 
consolidate Some external disturbance might tend to 
make the particles collect on one side In this manner 
the effects of tidal retardation might set in and it might 
be pushed outside the danger zone 

The least distance at which a satellite can safely 
revolve round its primary is known as Roche’s Limit 
It depends on the relative densities of the pair If they 
have the same density the satellite cannot exist closer 
to the planet's centre than two and five-elevenths of 
the latter’s radius The denser the satellite the nearer 
it can safely go This is as we should expect, for the 
attraction that its particles exert on one another 
becomes relatively greater In the case of the Moon, 


{From an old engraving) which is less compact than the Earth, the critical 

One Of the many imaginary flights to the Moon distance is 2 87 Earth’s radii, or about 11,000 miles 

that occur m romances Thewntei forgot that ' 

our atmosphere extends for only a few miles above Phobos actually revolves at a distance of only 2 75 

the EartVsjurf^e the radu from the centre of Mars Apparently, therefore, 

it is in dangerous circumstances However, it has 
carelessly been assumed that it is of a sufficiently large size for the forces of cohesion to be neglected 
Dr Fountain has lately worked out, that assuming Phobos’s rock had the consistency of brick, it 
could come down to Mars’s surface without being broken up This, indeed, is a natural conclusion, 


for it is of the same order of size as some of our great mountain chains These, fortunately for us, 
show no signs of wanting to tumble over In this connection again it seems probable that some of 
the minor planets are of irregular shapes Allowing this, we can explain their puzzling changes of 
brightness m different parts of their orbits 
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There remains to be considued some of the minor effects that the tidal theory must have had 
« * 6 development o '<»th and Moon It has been objected that since the present figure of 
the Earth is very well adapted to its speed of rotation, * e , that the bulge at the equator is of the 
amount required to put no strain on the Earth, it cannot have slowed down to any appreciable 

extent l nC ! « beCamC Mh ? , U ' s true that the Earth is for ordinary purposes more rigid than 
steel But Darwin considered that m the case of the enormous centrifugal strains which its 

rotation produced, it became plastic, and continued to adjust itself to the right shape, as though 
it were a fluid or t, 

Geology affords no positive support to the theory, unless we accept Pickering's bold guess that the 
monsters of the Mesozoic Age were enabled to move about freely because at the equator the powerful 
centrifugal force counterbalanced a good deal of the gravitational attraction But, on more definite 
evidence, it is significant that the geologists can bring no logical arguments against the hypothesis 

The following astrono- 
mical facts have now' to be 
considered (1) that the 
Moon's orbit is not circular, 
but elliptic, (2) that its 
plane of motion is inclined 
to the ecliptic, and (8) 
that the Earth’s equator is 
oblique to the Moon’s orbit 
Each of these has interesting 
side effects on our thcoiy 
Taking (1) first, we find that 
the effect of tidal friction is 
to change the degree of 
eccentricity We have seen 
that tidal reaction tends 
to increase the Moon’s dis- 
tance from the Earth Now 
this reaction is strongest 
when the Moon is neai ( st to 
us The effect at this 
closest point, the perigee, 
is thus greater than at 
apogee, the farthest point 
The first effect tends to 
increase the greatest dis- 
tance, the second, the least 
distance And as the first 

effect is the greater, the* orbit expands, at the same time becoming more elliptic Calculation shows 
a originally it must have been nearly circular 

The effect of (2) may have some bearing on cosmogony It is found to depend m a remarkable 
manner on the number of clays m the month At present and for a long time past it has caused the 
°ff ^*7 ec * x P* lc *° ^crease (Of course we are leaving out of account the calculable periodic 
e ec o the planets upon the obliquity ) But on going back to the time when the day was six and 
th m ° n *k * we * ve our present hours, we find that this tendency has ceased In other words, if 
et ® are more two days m a month the obliquity will increase, if less than two it will dimmish 
If th 6 mcrease or decrease depends directly on the amount of obliquity at the time concerned 

en a planet such as Jupiter be spinning about a line exactly perpendicular to the plane of its 
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[From Ptcait’s “ Cdrdmomes et Coutumes religteuses” 1723 
lnjlyl, MOON CEREMONIES AMONG THE KAFFIRS 
in ancient times so still among savage peoples, celestial phenomena are regarded with 
much superstitious awe Kaffirs and Bushmen celebrate the New and Full Moon with 
peculiar ceremonies and important tribal assemblies 
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orbit, there is no tendency for this state to 
change We cannot, by this means, explain 
the whole twenty-three and a half degrees of 
our present obliquity Calculation shows that 
when the month was two days long the 
obliquity was still eleven degrees Moreover, 
it is impossible to explain the considerable 
obliquities of some of the other planets to their 
orbital planes We must therefore admit the 
action of sortie unknown cause which started 
the planets in oblique positions 

The third fact, namely, that the Moon 
moves in an orbit inclined to the equator, 
produces effects too complicated for us to 
describe in detail As we have seen, the 
Moon started to revolve in the plane of the 
equator The effect of tidal friction has been 
to make its plane of motion approach the 
ecliptic At the present time it is inclined to 
the latter at the small angle of five degrees 
It was mentioned that there were no 
signs of retardation in the Earth’s rotation 

dunng historical times Recently, however, 

THE ECWPSED^UN^PHarOGRAPHED AT SOHAG, IN ^ ftls have been found 

This is the characteristic form of corona near sunspot maximum, In the first place it has been found 

the coronal streamers being distributed equally all round the disc necessar y to postulate an apparent accelera- 

The little comet thatappears on the plate was never seen again ^ F c 

A comet was al so photographed, in the eclipse of April 16, 1893 tion in. the JYLoon S motion IxllS IS 01 

course due to a retardation of the Earth’s speed of rotation Against it, we have to remember that 

the month is also lengthening , but this is happening much more slowly, so that the net result is 
the acceleration observed 

In the second place, observation has shown that Mars’s rotation is, if anything, quickening Now 
there are no seas on Mars, so that, though it is subject to the relatively powerful tidal accelerating 
power due to Phobos, this can merely act on the slight “ land ” tide and is probably small It 
seems then possible that the apparent increase of speed is partially due to the fact that the Earth’s 
rotation, our usual standard, is slowing down 

It has perhaps seemed strange that on these slight observed data— and indeed without them, 
for they are recent discoveries —such an elaborate history as ours should have been possible 
However, to take a familiar example, we may note that we know the succession of stations between 
London and Edinburgh, even though we have no time-table Indeed, this is the type of chronology 
that science provides In geology we cannot reckon the advent of, say, the Cainozoic epoch even 
m round milli ons of years But we can give an exact list of the order of formations and organisms 
from the dim and distant days of trilobites to the arrival of man 

We have to sum up the place of our theory as a part of the world’s knowledge I do not approve 
of excessive philosophising upon its conclusions To argue about the inexorable rigidity and sureness 
of Nature’s processes seems to me futile We cannot foresee what sudden external force might 
upset the whole tenuous structure which we have built up 

The theory is a typical piece of science We owe it a debt partially for the food it gives to the 
imagination , and yet more for the logical symmetry and beauty of the final product Whether it 
turns out to be true or false, it will remain a fine example of the power of man’s intellect in passing 
over the barriers of space and time 
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CHAPTER VI 
THE MOON 

By Walter Good\cre, FRAS, President British Astronomical Association 

M ATTERS relating to the position of the Moon in the Solar System, and its motions m space 
m relation to the Sun and Earth, having been described in the previous chapter, there 
remains now the task of describing what we find on its surface, or m other words, the 
physical features as revealed by the telescope 

The overwhelming prominence held by the Moon m the night sky, and its rapid motion amongst 
the stars in its monthly revolution round the Earth, cannot have failed to impress mankind from the 
earliest times with its comparative nearness It is indeed by far the nearest of all celestial objects, 
and the only planet — with the exception of Mars — of which we see the actual solid surface 

Up to the year 1609 there was no definite or certain knowledge of the actual physical condition 
of the Moon’s surface, but there were a number of speculations about it One was, that the Moon 
acted as a mirror, reflecting the features of our own globe, though a moment’s consideration would 
have shown this to be untenable from the fact that the features of the Moon arc fixed in relation 
to each other, whereas the markings should have moved across its face, as the Earth revolved 
on its axis Another theory suggested that the dark markings on the Moon were opaque bodies 
suspended in the sky 
between us and it 

The invention of the 
telescope, and its applica- 
tion to Astronomy by 
Galileo m the year 1609, at 
once put an end to all 
doubt and speculation, by 
showing to the astonished 
observers that whilst the 
Moon was in no sense a 
replica of the Earth, inas- 
much as it possessed no 
large bodies of water, and 
no clouded atmosphere, yet 
it presented some features 
of similarity — the vast 
plains (which were mis- 
taken for oceans), and the 
great mountain ranges, 
which diversify its surface 
No sooner had the tele- 
scopes of Galileo’s day — 
poor and imperfect instru- 
ments though they were — 
been brought to bear upon 
the Moon, than the ob- 
servers naturally began to 
make charts or drawings 
of the principal features 
they saw, and this laid the 



Photo by] [Ltck Observatory 

A PHOTOGRAPH OF THIS FUI,I, MOON 


The Moon is really not quite Full, as some little shadow is seen in connection with objects 
near the left-hand edge This means it was taken a few hours after Full It shows the 
various “ seas " as dark areas, and the positions which they occupy with respect to each 
other, and their situations on the disc 
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foundations of Selenography, that branch of Astronomy which concerns itself with the accurate 
delineation of the lunar surface details, and which has made such remarkable progress dunng the past 
300 years, that now our knowledge of the Moon’s surface is more complete than our knowledge of 
many parts of our own Earth Some of these charts made by the earlier observers have come down to 
us, which, although from their crudity and lack of detail they possess little or no scientific value, 
testify to the zeal and persistence of their authors, who deserve every credit for what they were able 

to accomplish with the poor means 
at their disposal These observers 
hoped m the course of time to be able 
to detect evidence of change on the 
Moon, and the same hope still animates 
the breasts of those who since then, 
and even now, are still pursuing this 
branch of Astronomy 

It would occupy too much space 
to describe at length the history of 
Selenography, so that only the briefest 
outline can be given Its progress 
was regulated by the telescopes in 
use from time to time, as these 
gradually increased m power and 
perfection, our knowledge of the Moon 
increased in a like ratio No reliable 
and at all comprehensive maps of the 
Moon were produced before 1837, in 
which year Beer and Madler’s map was 
published This was thirty-seven 
inches in diameter, and founded on 
observations made during the years 
1830 to 1837 It is a marvellous piece 
of work, considering that it was made 
with the aid of a telescope of only 
three and three-quarter inches aper- 
ture Observers in England had how- 
ever not been idle, and some valuable 
work was done by a number of ama- 
teur observers, under the direction of 
a committee appointed by the British 
Association, m an endeavour to con- 
struct a map of 200 inches to the 
Moon’s diameter This huge task 
was never completed owing to the 
death of Mr W R Birt, the leader 
The next complete map after 
Beer an< ^ Sadler's was one compiled 
by Schmidt of Athens, seventy-five inches m diameter, and containing far more detail than Beer 
and Madler’s This task occupied Schmidt for more than thirty years Subsequently, maps on a 
much smaller scale were pubhshed by two Enghsh observers, Neison and Eiger These were followed 
m 1910 by the writer s large map of the Moon — seventy-seven inches in diameter 

Within the last thirty years photography has been very successfully applied to producing pictures 



THE EARTH AS SEEN FROM THE MOON 
In the foreground we have a typical lunar landscape with mountain 
peaks The Earth is seen high m the lunar sky The drawing also depicts 
small craters and a system of cracks in the surface, caused by shrinkage 
The Earth would appear to the Iyunarians thirteen times as large as the 
Moon appears to us, and the reflected sunlight would be greater in a s till 
larger ratio 
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KEY MAP OF THE MOON 

This shows on a a™ all scale all the principal named objects on the Moon s surface and is therefore of great value as a work of reference m coi 
anj description of these features of our satellite The names attached to the various formations were given by the early observers Some names 1 
added in recent times by other stenographers These names fulfil the useful purpose of enabling the observer to identify objects when usmg 
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of celestial objects, and m no case with greater success than in that of the Moon, several examples 
of these photographs appearing in this publication Unfortunately these do not show the immense 
amount of detail which can be seen in the original negatives; a good deal of which is lost m the process 
of reproduction 

When the 60-mch telescope at Mount Wilson was ready for testing some years ago, photographs 
of the Moon were taken for that purpose, and they turned out to be by far the best representations 
of the surface secured up to that time, but even these fine results have been exceeded by the photographs 
recently taken with the new 100-mch 


telescope at the same obsei vatory These 
show much more and finer details than 
were previously shown, and a close study 
of them has revealed many objects now 
recorded for the fiist time A complete 
photographic atlas of the Moon, taken 
by such an instrument, would not only 
be of the greatest interest to lunar ob- 
servers of to-day, but would be invaluable 
if compared with similar pictures taken, 
say, m 100 years’ time, with a view to 
discovering whether any change — and 
to what extent — had taken place m the 
interval , but at present there seems no 
prospect of this work being taken in 
hand, as the telescope is in constant use 
in other directions, where much more 
important problems await solution 

The comparative nearness of the 
Moon and the absence of an atmosphere 
renders it the easiest of all telescopic 
objects, and enables its surface features 
to be seen sharp and clear, without the 
blurring effects which would be produced 
had we to look at it through an atmosphere 
such as surrounds the Earth 

The Moon, as seen by the naked eye 
at any time, but more especially when it 
is full, presents a bright disc mottled 
with light and dark patches, varying 
from intense brilliancy through varying 



shades of grey almost to blackness If a photograph of a portion of this moon 
we look at the Moon through a pair of This shows the Marc Cnsium just before sunset It will be noticed 

binoculars it Will be seen that the dark lhat the webtern sk1l of the Mart has partly disappeared from view ill 

, , , _ , the shadow of the approaching night, whilst on the opposite bide the 

areas predominate in the northern hemi- shadows east by the mountain border die very distinct 

sphere, the southern half being much 


brighter on the whole A still closei examination reveals the fact that the brightest regions are the 
mountainous portions, whilst the dark areas are comparatively smooth 

Anyone looking at the Moon for the first time through a telescope can hardly refrain from 
exclamations of surprise and pleasure at the wonderful scenes presented to his gaze To see the 
Moon under the best conditions, that is when its rugged surface is visible, the observer should direct his 
telescope to it at anytime between New Moon, when its narrow crescent is first seen in the west, and 
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a day or two before it is Full , and a similar interval after Full and the next New Moon The ruggedness 
is best seen near the ‘ 4 Terminator ” — that region which separates the bright surface from the un- 
llluminated part of the disc Along this region the Sun is just rising or setting on the Moon, and 
every irregularity of the surface is thrown into strong relief — the mountains and crater walls 
throwing their long, tapenng shadows in a direction opposite the Sun, and for many miles these 
shadows are very black, there being no twilight to modify their intensity It is indeed by measuring 
the length of these shadows that the height of the mountains on the Moon has been determined 
It is sometimes asked what is the smallest object that can be seen on the Moon To form some 



idea we must take into account 
the Moon's distance, which, in 
round figures, is about 240,000 
miles If we direct a telescope 
to the Moon, having an eye- 
piece capable of magnifying 
1,000 times, this would be 
equivalent to bringing the Moon 
to within 240 miles of the Earth 
It will be at once realised that 
however well illuminated, we 
could not make out any detail 
with the naked eye upon an 
object 240 miles away, on the 
Earth, and besides this, there 
are few telescopes that will 
stand a magnifying power of 
1,000 and give good definition, 
not because of any imperfec- 
tion m the instrument, but 
because atmospheric tremors 
would spoil the sharpness of 
definition This unsteadiness 
of our atmosphere acts in 
severely limiting the utility 
of our telescopes in their appli- 
cation to the heavenly bodies 
Hence astronomers are always 
looking out for locations for 
their observatories where they 
can rely, not only on freedom 
from clouds, but on a still air 
It is generally agreed that 
the most powerful telescope 
used under the best conditions 
would just reveal the existence 
of an object not less than 100 
yards m height and length, and 


From a Photo by] [MM Loewy and Pmseux, Pans Observatory then Only by reason of the 

A PHOTOGRAPH OF THE MOON AT ABOUT SEVEN DAYS OED shadow lt would cast under the 

It well represents the aspect presented in a small telescope and shows the rugged , , „ , c _ 

surface of the southern hemisphere (which is at the top) At the lower portion Slanting rays 01 the bun rro- 
the Iyunar Alps and Apennines are just coming mto view at sunrise bably an object the Size of 




Ftom Knotvledge ] {Taken at the Pans Observatory by" MM I oewy and Putseux 

A PHOTOGRAPH OP A PORTION OF THK MOON 

This picture was taken a few day a before sunset, at the tune of the waning Moon The declining Sun has already caused the 
craters on the left-hand side to become filled with shadow The upper part shows the crater Kepler, with its system of bright 
rays , and lower down we have the crater Aristarchus, one of the bnghtest spots on the Moon, now only visible under the high 
fcun as a bright patdi with a number of rays emanating from it At this particular region of the Moon no mountains exist that 

can be seen m profile on the limb 




From “ Knowledge ”] [T alien at the Pans Obsenatory by MM Locwy and Putseux 

A PHOTOGRAPH OF A PORTION OF THE MOON 

This represents the aspect of the surface when the Moon is about seven days old The larger portion is seen with the Sun t over- 
head, consequently, nothing is visible in relief More relief is found near the right-hand edge, where the Sun has not reached 

such a gieat elevation in the lunar sky 
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the largest pyramid in Egypt or St Paul’s Cathedral could be made out as a slight irregularity on 
the surface, but without anything to show its real shape or nature 

Many efforts m times past have been made to try and discover the existence on the Moon of the 
works of animated beings, and some of the old observers, with their feeble instruments, claimed to 
have detected objects which were of artificial construction , but these views were dispelled by later 
observers using more powerful optical aid It was found that these formations were much too large 
to have been thus formed, and must be ascribed to natural causes There is one such object that may 
be mentioned It is situated near the centre 
of the disc, being about 65 miles m length and 
500 feet in height, described by some as the 
“ straight wall,” and by others as the “ railway 
line ” It is well shown on the upper part of 
the photograph opposite page 53 If it is 
viewed through a small telescope when seen 
near the terminator, it appears to be a perfectly 
straight line, which would easily suggest its 
artificial origin , but when examined in a 
powerful telescope it is seen not to be quite 
so straight as it first appeared It has many 
bends and curves in its length and is also very 
irregular in its height In reality it is one side 
of a line of cliffs, caused by a fault in the surface, 
which has subsided to a depth equal to the 
height of the exposed cliff 

Other instances might be mentioned where 
the old observers found rectangular areas sur- 
rounded and enclosed by low walls, suggesting 
ramparts Other objects consisted of several 
ridges running parallel to each other, and also 
looking like artificial formations , but these 
are merely fanciful ideas not supported by 
facts 

From these considerations let us now turn 
to the study of the various objects we find by 
our telescopes to occupy such a large space 
on the Moon The most prominent may be 
classified under the following heads - 

The large dark aieas or plains which the 
ancients described as Maria oi Seas, 
and the ridges which are associated 
with them 

The mountain walled plains 

The crater-like objects, mostly of large 
size 

The ring-plains, craters, crater cones, craterlets, crater pits, valleys, clefts or cracks, and 
mountain ranges 

The wonderful systems of bright rays or streaks 

From this catalogue it will be seen that there is no lack of variety in respect of the objects we 
find on the lunar surface We commence with the Maria or Seas If we examine a photograph of 
the Moon taken at or near Full, of which photographs there is now a large number, we are at once 



Fiom a Drawing] [By Knegtr 

CXyKFiS ON THE MOON’S SURFACE* 

This is a fine example of the systems of Clefts which abound 
on the Moon, and as drawn by the late J N Knegtr, based 
on a photograph The large ciater ring is known as 
Tnesncckcr it will be noticed that the clefts seem to emanate 
fiom i point just to the west of this formation 
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further^tha ^^ COnsid ^ a ^ e P ortlon * the surface winch is covered by these dark areas, and we notice 
ther, that they predominate in the northern and eastern portions of the disc It is also worthv 
of note that none of the dark areas extend as far as the elge or limb Mo t of Lesetr^L 
“T 6 -th each other, having no separate definite boundaries To this ri however SS 
are two conspicuous exceptions one is the Mare Cnsium (the Sea of Cnses) in the north-west a circuit 

/tJ? c f'S rOUnde< ^ ty \ bnght mountam ous country , the other is known as the Mare Humorum 

Tb ° f ^ umours ); in the opposite or south-east portion of the disc, and slightly smaller in size 
Three other roughly circular plains he to the east of the Mare Cnsium, and connected with each 
other, extend m a chain almost across the entire disc These are in order from west to east the 
Mare Tranquihtatis (Sea of Tranquility), the Mare Seremtatis (Sea of Serenity), and the Mare 

% *- Imbrium (Sea of Rains) 

; 1 - When these vast areas 

arc scrutinised through a 

, « , a* ^ small telescope, they up- 
s' A&» \ * •>$»*• fWlfe JL&w o \ pear t0 have smooth sur- 

J Ik ^ #; % faC6S - de ™d ^ -ny 

; & 0 * iH is * the smallest irregularities 

, 0 Jaf * ' *. sw ^ * Thls im P res sion is quite 

, , ft illusory, as when ex- 

k f» * ^ when either of them is 

j* \ ,fc 1 crossed by the terminator 

t *b n* :* -«* » «i« «» w, 

V ~ I f ays fal1 on them ob ‘ 

^ *• $ /,n> ~ / h( i uel y’ eitherwhennsin g 

“TV ' / or setting— it will be 

\ 3 c* 4 / found that they abound 

>*£>. 2* .*9r " “ / ■» hollows and smuons 

' q mL, * ^ / l°w rounded swellings 

** or ridges extending for 

’* $r /Wv , <&». A ® 6 many miles The real 

's * im. a surfaces of these plains 
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resemble in many ways 


the great 
America 


oed CHART OF the moon referred to rise in places 

l r m to 700 *“• b « 

SeT„ e nr„“^,„^ 

on 1 nearer ™ w ’ te ta<i to te “ vmd ”* h 

The following is a list of the principal Mana or Seas on the Moon — 

Mare Australe Cnsium, Foecunditatis, Fngons, Humboldtianum, Humorum Imbnum 
Pro'ceuium ' SereMtatlS ’ Tranqmlltat i s ’ Vaporum, Smythu, and the Oceans 

In addition, there are a number of other and smaller dark areas, prefixed by the words Sinus Lacus 
and Palus, and which are more particularly descnbed in text-books on the Moon 

The great expanse of these so-called seas may be mferred from the fact that the Mare Cnsium has 


prairies of 
The ridges 



From “ Knowledge ”] [Taken at the Pans Observatory by MM Loewy and Putseux 


A PHOTOGRAPH OF A PORTION OF THE MOON 

Taken when the Moon was nearly at its First Quarter The large ring plains on the light are still in shadow, the rising Sun having 
just touched their mountain ramparts into visibility The greater portion of the surface thus shown lies to the south of the equator 
and is of a rugged nature On the left and near the bottom is the large ring plain Theophilus one of the finest of its class on the 
Moon, and a rival to Copernicus Its inner terraced walls and multiple central mountain are easily seen 



Jbrom “ Knowledge ”] i A j ter p uiseux 

A PHOTOGRAPH OF THE MOON 


Taken when the Moon was nearly Full The Sun is rising on the formations near the extreme right hand (H ) limb , left of the centre it 
is shining overhead This photograph shows the principal systems of bright rays The chief and most conspicuous are those associated 
with Tycho, which is found as a bnght ring near the top of the photograph Below it, and near the centre, we find the rays radiating from 

Copernicus, and to the right of Copernicus is the Kepler system 
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an area of roughly 78,000 square miles, being nearly 300 miles from north to south, and 350 miles 
fr °™, t0 . we f' whllst the Mdre Seremtatis is nearly circular, being 433 miles from north to south 
ZT ™ es T fr ° m east t0 " cst - and contains approximately 125,000 square miles, whilst if we 

* 6 ml M ^L Im ^ riUm u thC greatest of the circu lar plains, we find a length of about 750 miles and 
a breadth of 700 miles, which gives an area of about 340,000 square miles Further, it may be mentioned 
in respect of the Occanus Proccllarum, the most extensive of all the seas, but with very indefinite 
boundaries, the area cannot be less than 2,000,000 square miles The forces which produced these 
great expanses will be dealt with later 

Rtdges These curious serpentine banks already referred to are found almost solely on the great 
p ains or seas, are in many cases concentric with their borders, but in other instances they are seen 
to traverse the surface in various directions, being subject to no well-defined arrangement Rarely 
are they found to be straight, but serpentine, with many bays or inflexions in their course Frequently 

* ey ^ hr ° W ° Ut armS 0r branchcs and are often associated with small ciateis, which are found on 
their flanks or summits They are no doubt 

folds m the surface, and, it has been sug- 
gested, mark the places where cracks 
formerly existed, and through which molten 
lava has been extruded on both sides On 
the other hand, some of these ridges form 
segments of circles, suggesting they are all 
that is now left of once complete mountain 
ridges, which have been reduced and partly 
destroyed by the action of lava at the 
time the seas were formed Some of 
the most remarkable of these objects 
will be found on the borders of the Mare 
Humorum, and also in the Maie Nectaris, 
where there is quite a network of them, 
but all the plains show them to a greater 
or less extent, and they arc quite con- 
spicuous on some of the lunar photographs , 
they vary in length, but one to two hundred 
miles is not uncommon 

Craters and Crater-like objects — These 
arc the most numerous, and, geneially 
speaking, the most striking objects to be 
found on the Moon They present a wide 
range of size and shape, fiom the huge 
mountain rings to the smallest ciater cones of a few bundled yards in diameter In general form 
they are approximately circular, but in the largest ones considei able departure from the circle is 
obvious If these 4 are examined closely with a powerful telescope it will be seen that the surrounding 
mountain wall is often polygonal, rather than circular, suggesting that whilst the original form was 
that of a circle, pressure from without or within has forced the line of the rampaits into more or less 
lineal sections, standing at various angles to each othci 

These crater-like objects have been divided into several classes, according to their individual 
characteristics Wo commence with the walled plains These represent the largest enclosures, from 
60 to 150 miles in diameter They are generally encircled by mountainous ramparts, rising in some cases 
to 12,000 feet above the interior These ramparts are very complex in structure, their continuity 
being broken by valleys and broad passes, and with many terraces on the inner slopes, and many 
evidences of landslips from the same The level interior of these enclosures is broken m nearly all 



Ar/aclid is about sixty five miles m dumctci 'I he chart gives 
many objects iccoidcd for the first tune by means of photography 



270 


Splendour of the Heavens 


cases by large craters, groups of mountains, and isolated peaks, ndges, clefts and crater-like 
depressions 

The large walled plains have many of the characteristics of the smaller Mana, and have by some 
authorities been placed m the same category They probably owe their existence to the same forces 
which formed the lunar seas The following are examples of these objects Clavius, the largest, 
followed by such as Petavius, Furnerius, and Langrenus, m the south-west quadrant W Humboldt, 
Cleomedes, Gauss, and Endymion, in the north-west quadrant In the south-east quadrant, where 
they are most numerous, we have Magmus, Longomontanus, Shickhard, Walter, Pitatus, Ptolemaeus, 
Grimaldi, and Riccioli 


mese amer irom the walled 


The next class of objects claiming our attention is the Ring Plains 
plams m that they are smaller, with more symmetrically circular walls They are also more numerous, 

r #• ^ and their a PP earance su ggests 

I ^ very strikingly the probability 

I ; , their volcanic ongm Their 

p f , surrounding ramparts are 

and very massive, and fall 
with steep declivity to the 
interior floor The walls on 
the exterior, on the other hand, 
rise with a gentle slope from 
the surrounding country These 
outer slopes are however very 
rugged, and in many cases 
traversed in a radial manner 
by what may be lava ndges 
with deep intervening valleys, 
which sometimes are found 
to consist of chains of small 
craters On the summit of the 
walls, peaks of considerable 
elevation are often found The 
inner slopes are very frequently 
broken by a series of terraces, 
which descend one below the 
other till the floor is reached 
These terraces are separated 
from each other by yawning 
crevasses of unknown depth, 
and are in all probability 
caused by the action of molten 
lava m the interior under- 
mining the walls, and so causing 
large portions to slip down from time to time The most striking and perfect object m this class 
is the wen-known crater called Copernicus, fifty-six miles m diameter, and standmg in an isolated 
position between the Mare Nubium and the Mare Imbnum Some wonderful photographs of this 
formation have been secured at Mount Wilson by the use of the 100-inch Hooker Telescope They 
reveal much detail and give a splendid view of this most noble object A study of these photographs 
brings some interesting facts to our notice It wfil be observed that the crest of the waU is not circular, 
but is broken up into a number of straight ndges and curved sections, but all fairly uniform in height 
According to Neison, the walls rise above the intenor some 12,000 feet At the centre is a group 



Photo ty] [C Flammanon 

A PHOTOGRAPH OF A PORTION OF THF MOON 
The upper part shows the northern half of the ring plain Ptolemaeus The well- 
formed ring, partly filled with shadow, which is m contact with its northern 
rampart, is named Herschel, after the great astronomer A litUe to the right and 
below Herschel is a large roughly-circular enclosure, with a smooth dark floor, 
and very broken walls, and is named Flammanon, after the well-known French 
astronomer of that name 




Taken towards sunset, as shown by the lengthening shadows on the left hand side Some of the deeper craters near the Te rmina tor are already 
filled with shadow The dark surface of the M Humorum is shown to the upper right-hand side, with Gassendi on its lower margin Near the 
centre is Bullialdus, with several specimens of ruined rings around it, on the surface of the M Nubium Faint of the Hesiodus 

Valley, also of the valleys to the west of the M Humorum, can be traced For the names of the other prominent features, reference should 

be made to the key map 



Splendour of the Heavens 


273 


of mountains, of which seven peaks can be counted These are probably the ruins of a single 
mountain of considerable size, shattered by the force of volcanic energy, which was unable to escape 
through its central orifice On the southern half of the floor are a number of hills, which a closer 
inspection would probably reveal as crater cones The northern half of the floor is comparatively 
smooth 

There are numerous other formations on the Moon very like Copernicus, and quite as large, which 
would present a similarly grand 


spectacle if they were as well placed 
on the disc We may refer to 
Theophilus, sixty-four miles in 
diameter , Bullialdus, thirty-eight 
miles m diameter , Anstillus, 
Langrenus, Petavius, and Era- 
tosthenes, all of which are well 
shown on the various lunar photo- 
graphs now in existence 

Craters — These are a sub- 
division of the crater rings and 
other objects just described In 
most cases the difference is slight 
and the division therefore diffi- 
cult Whilst possessing most of 
the characteristics of the ring 
plams, they are smaller, and m 
form more truly circular In 
diameter they vary from fifteen 
to three miles or less The outer 
walls rise more steeply to the 
summit, and the descent on the 
inner side is equally abrupt 
They are found on every part 
of the lunar surface, and probably 
originated at a time when vol- 
canic energy first began to wane 
Many have a brighter and newer 
aspect than the locality in which 
they stand, and not infrequently 
they are surrounded by or stand 
on a small bright area encircling 
them like a halo 

It is generally assumed that 
the bright area consists of whitish 
ash or matenal ejected from the 
volcano itself Whilst to the 
casual observer the ring plams 
and crater rings seem to be 
distributed over the lunar surface 
m a haphazard manner, the 
careful student will not fail to 
note that this is not quite the 
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case He will see, for instance, that 
crater rings or ring plains are often 
found m pairs, m which the individuals 
strongly resemble each other Take 
for illustration, Atlas and Hercules 
jurist oteles and Eudoxus, Anstillus 
and Autolycus, Sabine and Ritter, and 
among the smaller objects, Beei and 
Beer A 

Central Peaks —These mountain 
masses are common to nearly everv 
kind of enclosure on the Moon, hom 
the large mount am-encircled plains to 
the smallest type of crater ring A 
careful inspection of the Moon, even by 
a small telescope, or the study of a 
good photograph, will not fail to reveal 
the fact that m a v cry large number of 
cases at the centre of the ring there is a 
mountain mass sometimes consisting 
of one peak, and in other cases of a 
multiple p eak These central moun- 
tains are of considerable si/e and great 
elevation Attention may be called 
to a few typical instances 
If the crater Tycho is examined, a central mountain mass is seen at once, and on one of its Hanks a 
smaller elevation This latter is very easily seen sometimes, and at other times is invisible in small 
telescopes On the summit of this smaller mountain a crater has been found The large central mountain 



COMPARISON OF THE SIZES OF TV O OF THF, LENAR 
MOUNTAIN-RINGED PLAINS, AND THE AREA OF ENGLAND 
AND WALES 


Maurol} cus is a great plain of 150 miles m diameter, sui rounded bv a 
rugged mountain rampart using to the height of 12,000 feet above the 

interior 
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From “ Knowledge '] iWr S al aiot haunch 

STEREOGRAM OF THE MOON’S ECLIPSE, 1909 

The two photographs aie taken at the same time and arranged for viewing thiough a stereoscope V hui this ib done the 
real nature of the Moon as a huge globe is strikingly brought out 
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F/om “ Knowledge ”] [Taken at the Pans Observatory by MM Loewy and Putseux 

A PHOlOURAPII OK A PORTION OF THE MOON’S SURFACE < 

On the upper part, the Aridaeus and Ilygmus Clefts arc well seen They are situated not far from the centre of the disc The 
lower half shows a good portion of the Mare Serenitatis This is bounded on the right by the Caucasus and Alpine Ranges , the 
Haemus Mountains forming its upper or southern bound irv The large oval ring plain near the lower left hand edge is known as 
Posidonius, sixty-two miles in diameter Its eastern wall has been very much reduced by the erosive influence of the lava which 
formed the Mare Seicmtatis on the margin of which it now stands 
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is at least 5,000 feet in 
altitude Copernicus has a 
multiple central mountain, 
consisting of seven peaks 
and already alluded to 
Another fine instance of a 
great crater ring with a 
centra] mountain is 
Theophilus Here again 
the original mountain 
has been shattered into 
several parts, one of 
which, according to 
Eiger, rises to 6,000 feet 
above the floor, the whole 
mass covering an area of 
about 300 square miles 
Another prominent ring 
plain with a fine central 
mountain is Bullialdus, 
with its peak rising at 
least 3,000 feet above the 
interior 

In contra-distinction 
to these and many others 
that might be pointed 
out, there are numerous 
instances of large moun- 
tam-enclosedplams, which 
show no traces of a 
central mountain, such, 
for mstance, as Plato, 
Archimedes, and Ptole- 
maeus It is quite possi- 
ble that central moun- 
tains once existed on 
these interiors, but the 
present appearance of the 
surface suggests that they 
have been melted down 
to the general level by 
lava when the whole in- 
terior was in a liquid 
state There are also 
other mountain-nnged 
enclosures where the 
erosive forces have not 
quite succeeded m de- 
stroying all traces of a 
central mountain mass 
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Instances of these are found in Pitatus, Cleomedes, 
Atlas, Posidonius, Gassendi, and Alphonsus In one or 
two other cases the central mountain has probably 
given place to a crater depression This is well illus- 
trated by the crater ring Hesiodus 

As to the origin and nature of these mountains, there 
can be little doubt but that they are volcanic cones, 
thrown up after the interior of the ring plain on which 
they stand had solidified and when the volcanic energy 
was waning, and had arrived at a similar stage to 
that on the Earth, when our present volcanoes were 
formed 

The smallest elevated objects on the Moon are the 
Crater Cones and Craterlets These are very numerous, 
and no attempt has been made to count them , every 
mciease of telescopic power adds to their number Many 
known now are less than half a mile in diameter Some 
of the smallest of these crater cones are found in the 
interior of Archimedes and Plato, and form excellent 



Photo &v] \Yerkcs Observatory 


REGION OF THEOPHIEtTS 

A hue photograph of the mountain rmged plain Theophilus, sixty-four 
miles in diameter The central peak nses 6,000 feet, and the inner walls 
rise full 15,000 feet above the interior Radiating from its outer walls 
lava ridges can be seen, also some minute craters in chains 



MAP OF A PORTION Oh l'HF MOON 
Ihis little chart is a copy of one made by 
Galileo m the >cai KUO, md is piobably the 
very first ever made It is very difficult to 
identify with certainty the formations shown 
with anything on the Moon it piesuit 

telescopic tests These minute objects 
strongly resemble terrestrial volcanoes 
Crater-pits — These are in a distinct 
class, inasmuch as they are depressions, 
but, like the craterlets, are found all over 
the Moon, though principally on the great 
expanses of the Maria Some are with- 
out external walls while otheis have them, 
but in all cases they rise but a few feet 
above the outside level They are best 
seen when near the terminator 

Among the more obscure details of 
the lunar surface, but of extreme interest, 
are the clefts or crevasses, which may be 
divided into two classes the Valleys , and 
Cracks or Clefts Of the valleys, the most 
important is the great Alpine Valley, 
some eighty-threc miles m length, which 
cuts through the Alps to the west of 
Plato It averages five or six miles m 
width, and is easily seen in the photo- 
graphs of this region or by means of a 
small telescope Other valleys of less 
importance and distinguished only from 
the clefts by their width and gently 
sloping sides, abound Several examples 
may be given From the east side of 
Hesiodus runs a long valley, almost m a 
straight line, for 200 miles It is two or 
three miles in width at its commencement, 
but after some distance has been traversed 



rnmo [ Mount Wihon Observatory 

REGION OF THE EUNAR RING-PI y AIN PlyATO 

Reproduced from a photograph taken at Mount Wilson Observatory The lower portion of the photograph shows the 
appearance of the surface at the north pole The crater rings are elliptical by reason of ' oreshortemng, due to the Moon 
/if 11 ? u * Ar £ e rm S P’am near the centre is known as Plato The level region below it is the Mare Frigons, and 

that above is the Mare Imbrium A little above Plato are two isolated mountain masses, known as Pico and Piton The 
mountain* on the left of Plato are the I,unar Alps with the great Alpine cutting through thtm 



Photo by ] [Mount Wtlson Observatory 

REGION OF THE EUNAR APENNINES 

This is reproduced from one of the Mount Wilson photographs It gives a very fine view of the Apenmne Range of Mountains 
which bound the Mare Imbrium and are seen at this time under the rays of the setting Sun At the end of this range — on the 
right — is the fine crater ring Eratosthenes Near the centre is thelaige mountain ringed plain Archimedes, fifty miles m 
diameter, with walls nsmg nearl 3 5,000 feet above the interior Running from Archimedes towards the mountains wifi 

be found a number of valleys extending for many miles 
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it gradually contracts and becomes increasingly difficult to trace There is also another 
fine specimen, which begins at the northern end of Herodotus, and runs m a horse-shoe like 
curve for a great distance Both these objects are easily seen under proper conditions with a 
small telescope On the western side of the Mare Humomm are three large and prominent 
curved valleys, running concentric with the shore of this sea The longest one has a course 
of 190 miles This group comprises the most remarkable and finest system of valleys on 
the Moon 

Clefts The true clefts, of which there are several hundred already known, are m the nature of 
cracks or crevasses Some are of considerable size and quite conspicuous, whilst others are so narrow 
that they test the defining power of our best telescopes These cracks differ from the valleys m that 
their sides are very jagged, and frequently disturbed by the intrusion of craterlets along their course, 
and are probably caused by the once plastic surface contracting during the period when it was becoming 

solidifi e d 
Most of these 
clefts are 
found in the 
northern 
hemisphere, 
where the 
Maria and 
other level 
surfaces ab- 
ound, they are 
quite absent 
from the 
mountainous 
regions of the 
south Many 
of the ring 
plains are tra- 
versed by 
them Fine 
systems of 
clefts will be 
found on the 
interior of At- 
las, Posi- 
donius, and 
Gassendi, 
whilst on the 

interior of Alphonsus several of these are found to be associated with the well-known dark 
areas in that crater, fi om which they issue like dned-up nver-beds Again, on the open plain to the 
west of Tnesnecker is found a very complex system of clefts of considerable length, all apparently 
having their source m one common centre Quite close to these, and m some respects physically 
connected, are the great Hygmus cleft and the long valley-hke depression, known as the Andaeus 
cleft, but having all the characteristics of a shallow valley 

A description of the Moon’s surface would not be in any sense complete unless some reference 
were made to three othei classes of formation These are the mountain ranges, the isolated 
peaks, and the wonderful systems of bright streaks or rays which are so conspicuous on the 
Full Moon's face. 



run: i,unar crater ring tycho 


This photograph gives a good general view of this noble object, fifty-four miles in diameter, and with 
ramparts rising steeply fiom tin mteuoi to the height of 16,000 feet In the centre is seen a large moun- 
tain mass, casting its shadow ioi some miles on the plain at its feet This crater is the centre of the 
greatest system of bright ia>s on tlu Moon The shape of Tycho is circular, the elliptical appearance 
being due to foie shortening, because the Moon is a globe 
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Mountain Ranges , etc —The most striking feature presented by the Moon when viewed through 
a good telescope is the extremely rugged and mountainous character of much of its surface, all of 
which indicates that at some time or other it must have been the scene of the most appalling 
disturbance or upheaval The mountains of the Moon lose nothing in comparison with those of the 
Earth on the score of size and height Reliable measures of these mountains show peaks rising to 
25,000 or 26,000 feet The surface to the south, whilst very rugged and broken by all kinds of crater- 
like formations, possesses no well-defined mountain ranges These are however found m the northern 
hemisphere There they are seen to form the boundaries of some of the large Maria or seas The 
principal ranges are the Alps, the Caucasus, and the Apennines They form a massive range 


of peaks bordering the 
western side of the Mare 
Imbnum, and separating 
it from the Mare Serenitatis 
These names were given 
by old astronomers from some 
fancied resemblance to their 
terrestrial namesakes They 
even went so far as to 
name one of the peaks m the 
Lunar Alps Mont Blanc, 
which rises some 12,000 feet 
above the plain at its base 
Many other peaks m the 
same range rise from 5,000 
to 8,000 feet The massive 
Caucasus range, though not 
so high as the Alps, boasts 
one peak near the ring plain 
Calippus, which towers to 
the height of 19,000 feet 
The Apennines, however, 
are the most important 
mountain range on the Moon 
It extends m an enormous 
curve some 400 miles, ter- 
minating on the south-east 
at the fine ring plain Era- 
tosthenes, where the massive 
Mount Wolf is found rising 
about 12,000 feet There 
are upwards of 3,000 well- 
defined peaks m this range 
of mountains Other moun- 
tain ranges, of which space 
will not allow any descrip- 
tion, are the Taurus Moun- 



tains, the Harbinger Moun- 
tains, the Altai Mountains, 
and the Riphaean range 
Other ranges are situated 


Photo by] [YcrUs Observatory 

THE MARE SERENITATIS 

The photograph shows the whole of the Marc Serenitatis, with the crater Bessel near 
the upper part On the upper edge is the large crater rmg Plinius, and from this 
running all down the left side is a curious serpentine ridge Other ridges of a similar 
nature are found in many places on the Moon, but mostly on the surface of the “ seas ** 





Pavntwg \ 


tty Afinur j,wate 


THE MOON’S HAEO 

\n effect produced by innumerable prism shaped crystals of ice suspended m the atmosphere and distain. forty-five times 
the diameter of the Moon’s disc from the outer edge of the Moon The halo , or glory, has prismatic colourings, the red tint at 
the edge nearest the Moon and the blue on the outer margin This distinguishes the phenomenon from the more usual corona , 
which is due to aqueous vapour and s coloured blue nearest the luminary and red towards the exter or nm 




Photo by] [Mount Wilson Observatory 

region near the centre OF THE MOON 


This is another reproduction of one of the latest photographs taken at Mount Wilson Observatory, and shows a wonderful 
amount of fine detail A number of curious longitudinal valleys will be seen cutting through mountainous districts The 
large ring plain at the bottom is Pto emaeus, and above this Alphonsus and Arzachel, and to the left of these objects'the 
rugged nature of the surface, as seen under the rays of the setting Sun, is well brought out The “ Straight Wall ” will be 
noticed at the upper right-hand side, and a little farther to the right of this is a long valley running parallel with it 
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so near the edge of the Moon that their peaks are often seen m profile against the sky. and 
when thus observed present a most charming and interesting spectacle 

Isolated Mountains — There are many instances of isolated mountain masses to be found 
on the surface, more especially on the Maria, where they seem to have survived the levelling 
action of the molten lava which surged around them One well-known peak is Pico, which will 
be found on the open plain to the south of Plato There are several other objects of this Hacc 
close by When seen under oblique illumination they are very striking objects their white 
surfaces showing up in strong contrast to the long spire-like black shadows they cast on the 
level country at their base 

The Bright Streaks or Rays —These are very conspicuous under a high light at or near the time of 
Full Moon They are generally associated with some large crater ring, from which they radiate in 
all directions to great distances Their nature and origin have never been satisfactorily explained 
and at present they form one of the unsolved enigmas of the Moon So complex are they m form 
and so indefinite m outline 
that no one has attempted 
the almost impossible 
task of mapping them 
We have therefore to 
rely exclusively on photo- 
graphic pictures to show 
the true aspect of these 
The most prominent of 
these systems of bright rays 
is that which is associated 
with the deep well-formed 
crater Tycho, found in 
the mountainous district 
towards the south pole, 
easily visible on the photo- 
graphs as well as m the 
smallest of telescopes 
These rays do not radiate 
from the centre of Tycho, 
but from a spot a little to 
the east of it They can 
be traced for several hun- 
dreds of miles, passing 
over mountain and plain 
without interruption 

Other systems of less importance, but almost as conspicuous, arc found associated with the 
craters Copernicus, Kepler, Anaxagoras, Aristarchus, and several others , whilst minor systems 
are to be seen m connection with the following crater rings Autolycus, Aristillus, Proclus, 
Fumenus, and Menelaus 

Several theories have been put forward to explain the nature of these markings, but one and 
all are open to serious objection Obviously they are in the nature of superficial markings, 
as no elevations are found to follow their tracks across the level plains The most probable 
explanation is that they mark the course of cracks m the surface from which whitish material has 
been ejected and deposited along each side In many cases little bright craters are found on these 
streaks, which seems to lend some weight to the eruptive theory Another ingenious theory has 
been propounded by Mr H G Tomkins, FRAS, in which he suggests that these streaks are 



brom a Drawing J [By tHa Abbe Moreux 

A ClyUFT IN TllH MOON’S SURFACE NEAR HYGINUS 
The Ilygmus Cleft is a wide lugged valley near the Moon’s centre, and is seen on many 
photographs, also being visible m a small telescope It is probably volcanic m its ongrn 
and its course m some places seems to be interrupted by small craters Its depth is 

unknown 
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actually deposits of salt left by the ancient oceans He has found large tracks m Northern India, 
where salt has been exuded from the subsoil, and becomes visible m the dry season as white streaks 
extending for long distances 

Having thus briefly and incompletely described the principal objects found on the Moon, it will 
be interesting to try and ascertain what is the probable cause or causes which have produced the 
aspect which this surface presents Generally speaking two theones are held to explain things as 

they are at present The one ascribes 
the origin of the lunar formations to 
volcanic energy acting from within, 
and the other to forces external to 
the Moon, or, in other words, to the 
impacts of foreign bodies on its surface 
The former view is the one held by 
the majority of astronomers, and 
especially by those who have made a 
study of the Moon’s surface by means 
of adequate telescopic aid The min- 
ority hold to the impact theory R A 
Proctor once held this view, but in his 
later days disowned it Professoi 
Shaler, the distinguished American 
geologist, held similar opinions in 
a modified form, and he believed 
that the lunar Maria, great and small, 
were the result of the impacts of 
bolides ten to fifteen miles in diameter 
The latest advocate of note is Dr See, 
an American astronomer, who holds 
the same views regarding the formation 
of the lunar seas as enunciated by 
Shaler Dr See is also a firm believer 
m the “ capture ” theory, which ac- 
counts for the growth of the planetary 
bodies by their capture of vast quanti- 
ties of meteorites or small planetary 
bodies moving in space, and he regards 
the Moon as a planet which has grown 
to its present size by the constant rain 
of meteors, both great and small, on 
its surface 



There are many and serious ob- 
jections to this impact theory which 
space does not allow to be fully dis- 
cussed here Only a brief allusion to 
some can therefore be made We find 
on the Moon, as already stated, plains 
surrounded by mountain rings of all sizes up to 150 miles m diameter Judging from appearances 
the large rings are amongst the oldest formations, the smaller and more regularly circular objects 
having appeared at a later date, and probably the smaller the crater the later has been the date of its 
birth If we accept the impact theory we must assume, which is very unlikely, that the largest 


MAP OF 1HE MOON BY DE RHEITA 
De Rheita was one of the earliest of the stenographers, and this map — 
made m 1645 — shows what he was able to distinguish on the Moon with 
his poor telescope The crater at the upper part of the disc is no doubt 
Tycho, and from which he draws a number of radiating bright streaks 
He also shows very well the various Maria, or seas, and the crateis 
Copernicus and Kepler, with then surrounding bright areas 




Photo by\ _ [Mount Wilson Obstnmiory 

REGION NEAR THE MOON’S SOUTH POX.R 

This is reproduced from one ot the magnificent lunar photographs taken at Mount Wilson, m California, by the use ot the 
great Hooker Telescope of 100 inches diameter, and shows more line detail than anyothci photogiaph vet secured lhe 
upper part extends to the south pole The siufacc will be found to be pitted all ovci with small craterlets fioin half a mile 
in diameter and upwards The Sun is setting on the extreme left of the pietuie and already main of the rings aie filled with 

the shadow of night 
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bodies fell on the Moon m its earliest days, and they were followed later by s mall er and still 
smaller bodies in greatly increasing numbers, until the time aruved when the supply was 
exhausted 

Again, as already pointed out, craters are often found m pairs very much alike m all respects 
To account for these by the impact theory, we shall have to assume that these impacting bodies 
travelled m pairs with equal dimensions, which again is very unlikely A third objection is seen m 
the fact that we find on the Moon craterlets in rows, with their rims m contact or confluent, also many 
of these “ crater chains,” as they are termed, run m curves or segments of circles, and it is almost 

impossible to conceive that the impacting 
bodies should be endued with the power 
of arranging themselves m this manner 
On the other hand, volcanic force 
seems quite capable of forming the crater 
rings, both large and small, whilst the seas 
and large walled plains may have been 
formed by the subsidences of the Moon's 
surface, caused by the cooling and con- 
traction of its crust If the Moon's crust 
in places was fractured by contraction the 
$j molten material below would well up 
through such openings and spread out on 
all sides, melting down the rugged surface 
m every direction, and continue to do so 
until its energy was dissipated by cooling , 
then the levelled surface would become 
firm and assume its present terminal 
appearance Some of the large crater 
rings, from their massive proportions, 
seem to have been able to withstand this 
melting power, and of these notable 
examples are found in the case of Coper- 
nicus, Bullialdus, Aristillus, Gassendi, 
Petavius, and Archimedes, but m respect 
of the last three named it is obvious that 
the height of their original ramparts has 
been much diminished by erosive forces 
It has been urged that some of the 
mountain-ringed plains are too large to 

from a Model] [By James Nasmyth ^ v formed h vnlrarnr xvorxrv 

THE moon’s surface modeeebd nave Deen iormea oy volcanic agency, 

Nasmyth made a careful study of the Moon’s surface by means of but we must not lose Sight m this COUneC- 

a powerful telescope He made models m plaster of many of the tl0n of the fact that th f f gravlty 

lunar formations and the above is a good example of his work It ® J 

gives a very realistic idea of what is seen in the telescope These On the Moon IS Only one-SIXth of the same 

models were then photographed under oblique light force on the Earthj and assumlng the 

eruptive power to be the same in both cases, it seems quite reasonable to expect craters on 
the Moon to be six times as large as on the Earth, where even craters of twenty miles in 
diameter are known to exist Further, it must be borne m mind that the surface rocks on 
the Moon are probably of much lighter material than those on the Earth A large crater is 
said to exist in the Island of Mauritius, about twenty miles m diameter, and there is another 
in Central Africa, recently explored, measuring about ten miles in diameter, surrounded by 
cliffs rising to 1,000 feet 


]' 



AN IMAGINARY LANDbCAPb ON M\KS 


Three-fifths of Mus surfiec .is cmcitd by bufiht (u mgo lemons piobibly dcsuls of iul sind The i«niuun4 two fifths ue occupied 
by dusky gieen 1 cwnns usu illy bcliutcl to be \u,ctitu>n the only wiki on Mus is pjolnhly tint suuouuclmg the melting snows a f 
the poles Some 'istionomus believe 111 it the stt ujit datk sheiks iiossiug both duk iml hilglit ut is i ^uhfieiiL T, N limit I." 
fte ° r , nnkll,b th ^ b ^ this semty witei supply they do m.L eonsideL tli.if wl m e the c m liVtiKiiisuVcsLnrtiitlVJ 

the vegelihon i»u>wm n upon then bulks when the witei fioin the poles is filling them Jn iddihon to these things this oktuie 
f" Sl thS? l n ^ h 1 e A 10n J Ln0n b ^ llLVcd r to bc cun ™ 10n »“ the h l m *- 1 It would howciu ippi u iuoh pi uisihle th if it tlieie 

are canals they would consist of some foim of pipe system, otluiwisc we e uniot well i\plun how the w ilu Hows icio«, the pi met 
oi why it does not immediately evipoiatc owing to the raicncss of the atmo,plieic of Mam 
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The present condition of the Moon's surface — Upon this matter various views are held, for the 
support of which plausible reasons are given The difficulty m settling this point is our inability to 
reproduce in our laboratory experiments the exact conditions which exist on the Moon It has been 
assumed for many years past that the Moon possesses neither atmosphere nor water, and in 
consequence is unsuitable for the existence of animated life, and further, is not subject to such 
physical changes as arc in constant operation on the Earth In fact, it is assumed that the Moon’s 
surface has arrived at its terminal condition, and there is nothing more to be learned from it 
These widely held opinions have led professional astronomers to discontinue their observations of 
this body, and to direct their attention to other branches of Astronomy which promise better 
and more immediate results This field has consequently been left open for amateur observers 
for a long time past The opinion that the Moon has no atmosphere has in recent years had to 
be _somewhat modified or abandoned, and if certain appearances which have been seen are 
rightly interpreted they show that after all some kind of atmosphere exists, though admittedly 
of great tenuity The 
best test for the existence 
of an atmosphere is to 
note whether stars which 
are occulted by the Moon 
show any tendency 
through refraction to 
remain visible for a few 
seconds longer than they 
should do if they had no 
atmosphere to traverse, 
before being blotted out 
by the solid body of the 
Moon passing in front of 
them 

Generally stars when 
occulted disappear in- 
stantaneously, but there 
are many instances on 
record where the light 
of the star has faded 
out gradually But this 
behaviour of the star 
would be the same if it 
passed along some valley 








From a Drawing [% the 4bb6 Moreux 

PERSPECTIVE VIEW OP' A EXJNAR MOUNTAIN RING 
This gives a realistic view of the lough suiface of many parts of the Moon’s suifoce In 
the foreground is a eiatei ring, showing peaks on its wall, and a central mountain cone 
The wall is m parts double — the result of landslips — and this featuie is a very common one 
in conne< + on with the lunar craters 


between the mountains which were in profile on the limb There are also many records of local 
obscurations of portions of the surface which cannot be explained unless we assume the existence 
of low lying vapour or mist Various estimates as to the density of the lunar atmosphere have been 
made, deduced from observed facts Neison's estimate is that it is 300 times less dense than the 
Earth’s atmosphere, whilst Professor W H Pickering arrives at the conclusion that the Moon’s 
atmosphere is only equal in density to that of the Earth’s at an elevation of forty-five miles 

As regards the existence of water, this has been denied, and some hold that the Moon never 
possessed any, and further, that the evidences of erosion are only due to the flow of lava 
Professor Pickenng, on the other hand, considers he has found evidence that the Moon 
once possessed water, though in small quantities He thinks that during the eruptive period 
of its history vast quantities of water in the form of hot springs and geysers were expelled, 
and he has found what he terms river-beds, in which this water was carried away from its source 
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If the Moon ever possessed large quantities of water what has become of it ? Neison, in answer 
to this, suggests that it has been withdrawn into the interior through faults and cracks in the surface 
If so, this would account for the occasional local obscurations, which suggest that water vapour in 
small quantities still exists 

Changes tn temperature — Does the Moon get very hot during the long exposure to the Sun's rays, 
for a period equal to fourteen of our days m each month , and conversely, does it get very cold dunng 
the equally long period of darkness ? Opinions on these two points differ greatly Some suggest 
that radiation from its surface is so rapid that it does not actually get warm, and others say that the 


s 



N 

MAP OF THE MOON 

This is a copy of one of the sections (No 1) of a large map of the Moon, drawn by the writer, reduced to about 
one-third of the size of the original It includes a region round the centre of the disc It shows several of the objects 
referred to m the text, notably the system of clefts west of Tnesnecker — the Hyginus Cleft and the large mountain-ringed 
plain Ptolemaeus The scale is about eighty miles to one inch 
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surface is constantly ice-bound Nearly all are agreed, however, that the cold of the Moon’s long 
night must reduce the surface temperature to that which exists in space and about which we have no 
certain knowledge 

Professor Very has for many years given attention to the question of the day temperature on the 
Moon, and by the use of a greatly improved bolometer has recently arrived at the conclusion that 
not until the Sun has reached an altitude of fifteen degrees in the Moon sky dees the temperature rise 
above freezing point, then as the Sun rises higher, the temperature rises until at the time it is overhead 
the rocky surface has become as hot as boiling water, whilst towards the end of the second week the 



E 


MAP OF THE MOON 


®* c * w ®_. 7 of the 1 1 ar f e of , the M °° n > ^awn by the writer, lcduced to about one third of the size cf 

the original It covers a district to southeast ot the centre, and shows among other interesting objects the long curved 
\allejs on the west sde of the M Humorum, the Hesiodus Valley, and the large crater ring Bulhaldus, to all of whiS 
reference is made m the text The scale is about eighty miles to one inch 
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temperature of the surface rises to about 356° Fahr The rocks of course retain their heat far into 
the afternoon, after which the temperature falls very rapidly, and before the Sun sets frost prevails, 
and would show itself in the form of hoar frost if any water vapour exists 

Changes on the Moon — If we had photographs of the Moon or very accurate charts made some 
hundreds of years ago, and could compare them with those we now possess, a satisfactory answer 
might be possible Unfortunately we do not possess this old material, but we are doing our best to 

lay up accurate records for the 
future, notwithstanding the pre- 
valent opinion that no change is 
shown Several instances of change 
are alleged to have occurred, but 
the weight of evidence adduced after 
the most careful consideration seems 
to be against this view, and the most 
probable explanation is that m the 
instances examined the differences 
shown are due to some error m 
drawing or description by the old 
observers At the same time changes 
must be going on if the surface is 
sub]cct to the great variations in 
temperature already alluded to, but 
these are probably on such a small 
scale, such as the result of landslips 
or new fissures caused by the secular 
cooling and contraction of its surface 
and similar incidents, as to be 
beyond the reach of our telescopes 
Should however a large change take 
place, caused by subsidence of the 
surface over a considerable area, or 
the collapse of some crater ring, 
or the appearance of a new crater of 
any size, on a well-mapped part of 
the Moon, it would be discovered m 
a short time 

Vegetation on the Moon —Before 
closing this description of our Moon's 
surface some reference must be 
made to the researches of Professor 
W H Pickering, in which he claims 
as the result of his observations 
made in Jamaica under the best 
seeing conditions, that he has discovered certain seasonal changes m respect to portions of the 
surface which can only be satisfactorily explained on the assumption that they indicate the 
growth of some sort of vegetation He found in the case of Anstillus and m other places 
as well, that as the Sun rose certain dark surface markings gradually developed, and pursued 
a systematic change m form and size as the lunar day progressed These dark areas could not be 
shadows as the Sun's rays were overhead, or nearly so, and he thinks that the vegetation 
passes through all the stages of what we know as spnng, summer, and autumn, during the fourteen 



MOUNTAIN-RINGED PIAIN 

This is a drawing of the mountain-ringed plain Gassendi, by Mr J W 
Durrad, ERAS It shows the remarkable system of cracks on the interior, 
and the multiple central mountain Gassendi is fifty-five miles m diameter 
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days when the surface is exposed to the continuous influence of the Sun’s rays Other 
astronomers, mostly amateurs, are now directing their attention to these and similar instances of 
seasonal change, with the hope that evidence will accumulate to test the soundness of the 
Professor’s 
views In 
the foregoing 
pages it will 
be gathered 
that whilst 
in the aggre- 
gate our pre- 
sent know- 
ledge of the 
Moon and its 
surface con- 
ditions is 
fairly com- 
plete, the 
result of so 
much strcn- 
uous and 
persiste n t 
work spread 
over the last 
100 years, 
in which the 
work of 
amateur 
astronomers 
forms the larger part, 



\By tht AbU Moreux 


From a Drawing ] 

THIS “ SI RAIl HIT WATyly ” ON 1111$ MOON 

Ihis unique and lcniarkoblc formation is shown m «i realistic way by tht artist It is a vertical escaipnient 
or range of cliffs about JSOO feet high, tunning along the edge of a gigantic fault in the surface At its foot 

a deep lavuie has been suspected 


. there still remain many enigmas which we can only hope will be solved by 
the continued efforts of the lunai observers of the present and future generations 


CHAPTER VII. 

MARS 

By K L Waii-rfilld, TEAS 

F OR a few months eveiy two years a brilliant orange-red star makes its appearance in our skies 
It is the planet Mars, the one world whereon we find conditions comparable to those on Earth 
There we have discovered much that is akm to this world , perhaps also we have found indica- 
tions of something akin even to ourselves 

Mars is the nearest planet outside the orbit of the Earth We do not, however, approach so close 
to it as we do to Venus, yet we can see a great deal more upon its surface owing to the clearness of its 
atmosphere Mars moves round the Sun in a somewhat elongated orbit, its distance from it varying 
from 130 million miles to 1 55 million miles The Earth’s orbit is elongated to a smaller extent, hut the 
direction of its elongation is not the same The two orbits, therefore, lie closer together in some places 
than in others , their smallest separation is 35 million miles, their greatest 65 million miles To make 
a complete journey round the Sun, Mars takes 687 of our days, so that his year is nearly twice as long 
as our own - This will mean that the Earth must overtake and pass comparatively close to Mars at 




MARS AND ITS MOONS 


[Dr W H Steavenson 


Two moons, each less than ten miles in diameter, move round Mars The picture illustrates then relative distances Tram Mars’ 
surface The time taken b> the nearer one, Phobos, to move round Mars (the Martian month) is shorter than the Martian day 1 


intervals of about two years and two months The diagram, page 297, shows that at these times of 
passing the two planets are nearer together than at others, Mars being then in the opposite part of the 
sky to the Sun rising at sunset and reaching its highest in the sky at midnight These occasions are 
called oppositions Since they occur every two years and two months, an opposition in August will 
be followed two years later by one in October We see from the diagram that the closest oppositions 
are those occurring nearest to August 25, and the most distant those nearest to February 25 For seven 
and a half years following the best opposition each succeeding one will be less favourable , after that 



FIRST DRAWING OF MARS — HUYGHENS 
This drawing was made at 7 p m November 28, 1659 It shows the Syrhs 
Major, one of the darkest markings on the planet By using it in con- 
nexion with the modem observations the rotation period of Mars has 
been determined to within one fiftieth of a second ' 


they will improve, and another close 
opposition will occur after a complete 
cycle of fifteen years During the last 
fifteen yeais the most favourable op- 
position was that of 1909 The next, 
in 1924, will be even closer , one of the 
closest of the century 

* * sjc * 

The history of Martian discovery 
dates from the invention of the tele- 
scope When Galileo first examined the 
planet about 1610 he noticed that it 
did not always appear round Like the 
Moon it was subject to phase, but unlike 
the Moon its disc never departed from 
the complete circle more than does our 
satellite when three or four days from 
the F ull In 1636 Fontana caught 
glimpses of dusky markings scattered 
upon the orange disc of the planet, but 
many years elapsed before they were 
seen clearly enough to be drawn The 
first drawing was made by Huyghens on 
November 28, 1659 It soon became 
apparent that the markings had per- 
manent forms, and were being carried 




By permission of] 


THE EOWEUE TWENTY -FOUR-INCH TELESCOPE 

1 ! 9 A the 1 f te Dr Percrval 1 ^ >we11 founded an observatory at Flagstaff, in Arizona, primarily for the purpose of studying Mars 
a 1 ion, however, an immense amount of work has been done m other branches of Astronomy The original telescope was 
aghteen mches in diameter, but this was replaced in 1896 by the twenty-four-inch telescope made by Alvan Clark This Is 
reputed to be one of the most optically-perfect telescopes ever made Ihe atmospheric conditions at Flagstaff are probably 
superior to those of any other observatory In 1896 the telescope was moved temporarily to Mexico 
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“T U ^h d^c™LT„\th reCt ‘r ( by the T“°" 0f the pknet 0n rts ““ In lm Casam 

made a rough determination of the rotation period, and found that the Martian dav was about fortv 
mmutes longer t luu^our own In 1719 Maraldi noticed at the upper and lower extremities of the disc 
two white ^ " nhkc the dark markings, seemed to be more or less fixed in position He 

therefore tnferr^l that they were situated at the poles of the planet Furthermore, he found them 
to be variable m s ,e In the latter years of the Eighteenth Century Sir William Herschel confirmed 

+T-»/a ffpnpra TW^ril IK llCt OI Too nor! r-n o -rt i **» i ,1 , 


in 

He 


the general pemja nci of the dark markings, but showed that they were subject to slight changes 
appearance as ii they were occasionally obscured by clouds floating m a Martian atmosphere ] 
also proved tnnt the r 

variations in tlm si/e 
of the white polo-caps 
corresponded witli the 
Martian season^ . I H 1 om 
their behaviour Iio sug- 
gested that they weie 
regions of snow analog- 
ous to those about our 
own poles 

The opposition of 
1830 was the closest 
opposition of th o Ni no 
teenth Century. Hie 
opportunity wa w t a k < »n 
by Beer and Matllm ioi 
making the flint sys- 
tematic chart c >t the 
planet This oarhost 
map of Mars wan pro- 
duced in 1840. Its 
authors assigned to it 
lines of latitude and 
longitude similar to 
those on our own maps 
Thus did they Jay the 
foundations of M artian 
“ geography ” Other 
maps followed , each 
better than ltn pre- 
decessor Procter's in 
1869, from Dawes' 
drawings, Raise >r\ in 
1872 , Green’s m 1877, 
and many others. In 

these maps the dark markings were called seas and the orange regions continents , for such was believed 
to be the nature* of the Haitian surface 

In the year 1877 the world was startled by an amazing discovery Owing to the remarkable 
proximity of tho planet, Giovanni Schiaparelli, the director of the Milan Observatory, had taken the 
opportunity of making a “ trigonometrical survey ” of the Martian surface He had not long been 
engaged upon tins work when he became aware of a number of dusky streaks crossing the bright 
regions, or conttvtents Those he named canah, which is the Italian for “ channels ” His announce- 



ORBITS OF MARS AND BARTH 

The mnti orbit is that of the Barth , the outer that of Mars As the two planets revolve round 
the Sun, >S, the JCaith catches up Mars and passes it every two years and two months The 
two planets uic then close together and Mars is said to be in “ opposition ” The dates m the 
hgure show how successive oppositions occur at different months that of 1892 was in August, 
1 HIM in October, &c It will be also clear how the distances vary from one opposition to another , 
those occurring round August being the nearest, such as m 1892 and 1894, 1907 and 1909 The 
points P and A are where Mars’ orbit is closest and farthest from the Sun respectively P' and 
A" have the same significance with reference to the Barth’s orbit 
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ment was immediately met by a quite unwarranted scepticism, due largely, no doubt, to the 
mistranslation of canah by “ canals/' a word taken to imply something artificial In 1879 Schiaparelli 
reobserved his original canah and discovered many new ones They seemed now much narrower 
straighter, and more regular than he had at first supposed In 1881 they seemed even more geometrical 
m character But what was yet more surprising was that some of them had become double — where 
before there had been but one line, two parallel lines now lay His critics were dumbfounded nobody 
had so much as seen these geometrical lines, surely their duplication could only be a proof that 
Schiaparelli was a victim of illusions 1 It was not until 1888 that other observers succeeded in seeing 
the canah Among the first were M Perrotin, with the thirty-inch telescope at Nice , Mr Stanley 
Williams, with a six and a half inch telescope in England , and the Lick Observers, with the thirty-six 
inch telescope These also saw some of the canali double There could no longer be any doubt that 

these features had at least some 
objective existence 

An even more revolutionary dis- 
covery was made m 1892 by Pro- 
fessor Pickering in Arequipa He 
found the canah were not limited 
to the continents , several of them 
could be seen crossing the Mare 
Erythraeum , one of the seas In 
1894 the late Dr Lowell, director 
of the Lowell Observatory at Flag- 
staff in Arizona, and his assistant 
Mr Douglass, found that the Mare 
Erythraeum was not unique , for 
all the seas were crossed by canali 
It at once became clear that the 
seas , whatever they were, were not 
seas , for it is well nigh impossible 
to imagine permanent markings of 
this sort upon the surface of water 
Moreover, m that same year 
Dr Lowell pointed out that these 
dark areas underwent seasonal 
change, which seemed to indicate 
that they were, m reality, regions 
of vegetation 

* * * * * 

Mars, like the Earth, is a globe 
somewhat flattened at its poles Its equatorial diameter is 4,215 miles , thus its surface and volume 
are respectively one-quarter and one-eighth of the surface and volume of the Earth The weight of 
Mars, calculated from the motions of its moons, is about one-ninth of the Earth’s weight From 
these figures it can be shown that the force of gravity at its surface is only one-third of its value at the 

Earth s surface A weight of nine stone on Earth would, if weighed with a spring balance on Mars, 
only register three stone 

The rotation period of Mars upon its axis is twenty-tour hours thirty-seven minutes twenty-two and 
two-third seconds The accuracy of such a determination depends on the length of time over which 
the observations are extended Using Huyghens’ drawing of 1659 we can extend the observations 
over 260 years hence its supreme importance By using that drawing m connexion with modern 
observations we have obtained a rotation period accurate to one-fiftieth of a second The axis of Mars 



MARS 1856, APRIIy 20 — WARRIJN DE UA RUE 
At each of Mars’ poles is a Wute snow-cap These remain in view while 
the other markings are earned round by the rotation of the planet in twenty 
four hours thirty seven minutes The dark funnel shaped marking is the 

Syrtzs Mai or 
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is not perpendicular to its 
orbit , it is tilted from the 
perpendicular by an angle of 
twenty-four degrees Its in- 
clination, therefore, is practi- 
cally the same as that of the 
Earth 

In the telescope Mars ap- 
pears as a small round disc of 
an orange colour, upon which 
dusky, greenish markings can 
be made out At cither one 
or other of the upper and 
lower extremities of the disc 
(sometimes at both) a brilli- 
ant, round white patch is 
seen Since the telescope 
shows everything upside- 
down the upper patch is 

called the south pole-cap, the lower patch the north pole-cap 

designated west and east respectively All drawings and maps are printed upside-down m this way 
Most of the dark markings are seen to be south of the equator and to extend in a nearly continuous 
belt all round the planet These are referred to collectively as the “ southern seas ” The vast stretch 
of the bright regions north of them is known as the “ northern continent," while the smaller bright 
regions south of them are termed the " southern islands ” 

Although direction of the axis of Mars is fixed m space, its tilt to or from the Earth is always 
changing as the relative position of the two planets alters That is why the appearance of the planet 
varies so greatly from one opposition to another, for sometimes it is the noitli pole that is turned towards 
us, sometimes it is the south pole, whereas more often still it is neither entirely It should be especially 
noticed that, since Mars is outside the Earth’s orbit, the hemisphere that it turns towards us will be the 
one which is turned towards the Sun and is therefore in its summer season That is the reason why 

we know more about the 


MARS 1862, SEP1 EMBER 17— 
EOCKYER 

Although occasionally both snow caps arc 
visible at once, it is more usual for only 
one to be seen — that which happens to 
be tilted towards the Eaith The round 
marking on the right is “ The I*ake of the 
Sun ” 


[From Flammanon's “ La Planbte Mars ” 
MARS -1862, OCIOBER 3— EOCKYER 
The Syrtis Major is visible towards the 
bottom of the disc It will be seen t ha t 
the spot separated from its left side (Eacus 
Moens) docs not appear m the drawing 
of this marking by Warieu de la Rue — 
indicating some sort of change 

The right and left of the disc are 



MARS 1864, NOVEMBER 20— 
DAWES 

In this drawing the Syrtis Major is disap- 
pearing round the left side of the (Use 
The curious forked marking appearing 
on the right is “ Dawes’ Forked Bay ” 


summer than about the win- 
tci conditions on the planet 
* * * * 

Herschcl’s suggestion at 
the end of the Eighteenth 
Century that the pole-caps 
consist of snow, is now al- 
most universally accepted 
All our experience tells us 
that the chemical elements 
which are found m the Sun 
and stars are, with practi- 
cally no exceptions, to be 
found on the Earth Starting 
with these premises we can, 
from the appearance and 
behaviour of the pole-caps 
alone, eliminate all other 



MARS 1864, NOVEMBER 26— 
DAWES 

Here the Svrtis Majo ; is near the middle 
The Lacus Moeris is very distinct to its 
left 
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suggestions as to their composition, except that of carbon dioxide — that substance we can exclude 
on physical grounds Carbon dioxide is a gas which, under suitable temperatures and pressures, may 
exist either as a colourless liquid like water or as a white solid like snow Faraday's experiments 
showed that under a pressure thirty-five times as great as that of our atmosphere it could not exist 
m the solid form above a temperature of 0° Centigrade , while under a pressure equal to our atmosphere 
the highest temperature at which it could exist was about —110° Centigrade Now the Martian 
atmosphere is much rarer than ours, and its pressure at the surface of the planet is certainly not more 
than a quarter of our own atmospheric pressure In order that solid carbon dioxide might exist under 
so small a pressure, the temperature would have to be at least —150° Centigrade and probably much 
lower The temperature of Mars, as we shall see, must be a great deal higher than this, which is very 
nearly as low as the temperature of space itself Furthermore, Faraday showed that under pressures 
less than five times that of our atmosphere solid carbon dioxide does not become liquid, but passes 
directly into the gaseous state But the pole-caps of Mars, as we shall presently see, melt to a liquid 



MARS 1877 — SCHI AP AR33IyI,I 

'JESS earliest drawings, lies in the absence of that regularity of the canals which is so characteristic 

of his later drawings Thus the regularity was not born of preconceived ideas, but, rather, was forced upon Schiaparelli 
with increasing experience The canals are the dark streaks crossing the bright areas 

3 


Snow, therefore] fyjye only 


Thus, on two separate counts the carbon dioxide theory is untenable 
alternative, must be the composition of the caps 

Early in the Martian spring the polar snows of the hemisphere which is beginning to turn towards 
the Sun reach their largest development, and the great melting sets in Even after a few days the 
cap is appreciably smaller in size A fine dark line now appears as a girdle circumscribed about its 
e ge, and for about a week grows wider and more distinct As the melting continues this girdle 
shrinks in diameter so that it always keeps pace with the border of the retreating snow, while at the 
same time it decreases very slowly in width By midsummer the girdle has disappeared and the snow 
is re uced to a mere speck (in 1894 the southern cap entirely disappeared) The cap now remains 
unaltered in size for a month or two, when the winter fall sets in and the snows once more begin to 
increase Lowell found the colour of the dark girdle to be a deep blue-green, and concluded that it 
was probably water Others maintained that it was merely an illusion, due to an effect of contrast 
Professor Pickering, however, examined it with a polanscofie, an instrument which distinguishes 



SOUTH 




302 


Splendour of the Heavens 


between the smooth surface of a liquid and the surface of a solid, and found that it was liquid Since 
the only possible liquid is water, we must conclude that the girdle is a temporary polar sea formed 
around the meltmg snow-caps 

When the snows have dwindled considerably, dark rifts appear m them, extending inwards from 
the polar sea and later breaking them up into several isolated parts These rifts always appear m the 
same places M Jarry Desloges thinks that they are irregularities m the level of the ground But 
Lowell found that they are identical with certain polar canali , which are visible when the snows have 
disappeared, and believed them to be strips of vegetation that tend to hasten the melting of the snow 
beneath which they are buried 




north poee of mars in summer 

In tins chart, made by Schiaparelli m 1888, the snow-cap (the white patch at the centre) has grown very small from its summer 
melting In winter it has nearly five tunes the diameter— covering the circle on which Tempe and Arcadia are printed The way 
in which the canals radiate outwards from the cap is seen most strikingly EoweU pointed out that such an arrangement was 
to be expected from his theory of the canals , for according to that theory the canals were made (artificially) for the purpose 
of conveying the water from the meltmg snows to the more distant parts of the planet 
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MARS 1870 SCHIAPARHI44 
In this year Schiapaiclli duw the canals with more, legulai 
tonns than in 1877 '1 he < lark louml spot with two canals 

is the X,ukc oi the Sun (So/is 1 acus) 


The snow-caps on Mars come down in the winter 
somewhat nearer to the equator than those on the 
Earth, while in the summer they shrink to a much 
greater extent These differences, which at first 
sight might appear to contradict one another, are 
due to three causes First, the Martian seasons are 
nearly twice as long as our own, so that there is 
more time both for the precipitation of the snow 
and for its subsequent thawing Secondly, owing to 
the entire absence of large seas, the Martian atmo- 
sphere must be much dner than our own, the 
snowfall therefore will not be so deep and its 
dissipation will be more rapid Thirdly, the greater 
elongation of the planet’s orbit must mean an 
exaggeration of the seasons a greater difference 
between the summer heat and the winter cold 
The two snow-caps of Mars also differ slightly 
from one another The southern cap is the larger 
in the winter and the smaller in the summer Now 


that is exactly what we should expect, for whereas 

the southern hemisphere has a longer and colder 
winter, it has a sliortu and vmy much hotter summer than the northern hemisphere 

We thus see that the theoiy of snow, which we were earlier forced to adopt, seems to explain 
completely the phenomena that we observe 


The discovery ol Piofessor Pickering, that the dark areas are crossed by the canali, dealt the death- 
blow to the theory ol 1 hen oceanic ( haracter They are now generally believed to be areas of vegetation 
Yet the names with which they were baptized by Schiaparelli in the Latin tongue are still retained 
seas and lakes tlu»y an (ailed, and not altogether 


inappropriately, fot long ago beiore Mars lost most 
of its water they may well have formed the beds 
of the Martian seas 

Although, broadly speaking, peimanent, these 
markings are subject to considerable change But 
our interpretation ol such change, whether seasonal 
or irregular, is largely hampered by our inability 
to observe the planet tor moie than about six 
months at each opposition, i c , ovei a period equal 
to only a quarter ot a Martian year In order to 
cover a complete cycle of Martian seasons, it is, 
therefore, necessary to continue observations over 
many oppositions, and even then we are not justified 
m assuming a change to be seasonal until we have 
seen it repeated at sevc ral presentations of the same 
season It is possible* that many changes which we 
still believe to be irregular may yet reveal a seasonal 
character 




Probably the most unpoitant work m this con- 
nexion is that of Lowell and his assistants at 
Flagstaff, where the planet has been under regular 


MARS 1879— SCHIAPAREttI 
The dark funnel shaped marking is the Syrtts Major The 
narrow canal, with a round spot, curving from its left 
side downwards, and then running verticaUy, is Nepenthes - 
Thoth —' which sometimes is very wide 
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SCHIAPARELLI 1879 BURTON 1882 SCHIAPARELLI 1884 


observation since 1892 
Their evidence alone is 
absolutely definite in 
showing that many of 
the changes are seasonal 
Scarcely less convincing 
is the evidence which M 
Flammanon obtained 
from a discussion of all 
the observations prior to 



SCHIAPARELLI 1888 


GUILLAUME 18% 


GALE 1892 



1911 


THOMSON 1916 


PHILLIPS 1918 

[Mr H Thomson 


PHILLIPS 
By permission of ] 

CHANGES IN THE SYRTIS MAJOR 
This interesting senes of drawings was collected by Mr H Thomson It gives views of the 
Syrtts Mayor by many of the greatest observers between 1879 and 1918 Although 
undoubtedly some of the changes here shown are due to ldiosyncracies of the different 
observers, many of them are certainly real The most marked vanation is that m the 
c a n als Amenthes and Nepenthes-Thoth Amenthes, a vertical line parallel to Syrtis Mayor and 
on its left, was visible m 1882, 1897 (double) and 1899 N epenthes-Thoth, which curves 
downwards from the left side of Syrtts , was visible in 1879, 1888, 1903 and (very dark) m 
1911, 1916, 1918 In 1884, 1890 and 1903 both canals were seen together 


1901 

The cycle of changes 
may be briefly summar- 
ised Just after midsum- 
mer, when the snow of 
the summer pole is al- 
most entirely melted, 
the dusky markings m 
the immediate vicinity 
of the cap begin to 
darken This darkening 
proceeds in the manner 
of a wave slowly from 
the melted pole towards 
the equator, and then, 
crossing the equator, ad- 
vances into the low 
equatorial latitudes of 
the opposite hemisphere 
(the winter hemisphere) 
Thus is the season of the 
darkening later and later 
as we depart farther 
from the summer pole 
In the late autumn the 
markings begin to fade, 
reaching their faintest 
soon after midwinter 

Simple as this cycle 
may appear, it is in 
reality rather more com- 
plicated The change is 
not merely one of light 
and shade , it is also a 
change of colour Again, 
the regions near the 


equator are affected by 

the meltmg of the snow not only of their own hemisphere but also of the opposite hemisphere, so 
that these portions of the planet's surface go through the cycle twice m a year In 1903, when it was 
midwinter m the southern hemisphere, Lowell found the Mare Erythraeum, a sea just south of the 







Dawes — sometimes called the “ eagle eyed Dawes ” — was Green’s drawings of Mars dm mg the pciiod 1859-1898 must 

among the greatest of the observers oi the last century ever remain famous His observatory was at St John’s 

It was from his drawings that Proctor compiled the famous Wood In 1877 he went to Madeira to observe the close 

map of Mars m 1869 appioach of Mars during that vear 



[Pub of A slron 9oc of Pacific By kind permission of] [Mrs Lowell 


GIOVANNI VIRGINIO SCHIAPAIURIXI PKRClVAIy lyOWKI^Iy 

Schiaparelli, director of the Milan Observatory, discovered No man ever had, more experience in. the observation of 

the canals of Mars and the phenomenon of their doublmg Mars than had b-owell His work represents one of the 

Up to his death m 1910 he believed them to be natural greatest steps in Martian discovery Prom 1894 to 1916 he 

features directed the famous observatory which he had founded 
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equator, to be of a faint green colour By the middle of the Martian January it had changed to a dark 
brown, which then gradually faded out A light green now appeared which, starting from its northern 
shores , proceeded southwards until it had converted the entire sea , by the end ot February, to a brilliant 
green The theory of vegetation explains this m a most striking manner The change from green 
to brown and the fading of the latter soon after midwinter would represent the coming of the autumn 
tints and the falling of the leaves, which had been nourished by the moisture emanating from the 
southern polar snows , while the reappearance of the green in the Martian February, travelling from 
north to south, would represent the budding vegetation of a second spring brought in by the moisture 
proceeding from the northern snows 

But m addition to changes that are seasonal there are others, many and considerable, which are 
apparently irregular Probably the best known example is the case of the Syrtis Major , one 
of the most conspicuous of the Martian seas The drawings of Green and others m the middle of the 
last century give this sea a very different shape from that given it by the drawings of the last thirty 



1VIAJK& 


i sas — sctLIAPAREIylyX 


Those later drawings give the canals perfectly regular forms Some are double , several of them mtciscct in snick noints 
and wherever they cornice with the dark markings there is a well marked projection Ihe double SlffS 
drawings), running down to the 1101 th pole-cap, is nearly 3,000 miles long ' 


years Again, the Nepenthes-Thoth, usually drawn as one of the faint canah issuing from the eastern 
shores of the Syrtis Major, has become, since 1909, one of the darkest markings on the planet Lowell 
found that many of these irregular changes were associated with changes of a similar kind m the 
canah One system of canah, after existing foi several years, would suddenly be replaced by a totally 
different system, while at the same time the seas m the vicinity would take on a slightly different con- 
figuration The reappearance a few years later of the original system would be accompanied by a 
reversion of the sms to their previous form Such changes, he therefore concluded, weie due to an 
alteration in the manner in which the water was fed to these regions by the canah On the other 
hand, M Jarry Desloges considers this sort of change to be due to meteorological phenomena to 
obscurations by cloud and mist, to havoc wrought by violent hurricanes Moreover, he would invoke 
these agencies to explain many of the changes which others believe to be seasonal To the writer it seems 
probable that both processes are, m part, responsible for these diversities in the appearance of the 
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vegetation Until recently the tendency has probably been 
to underestimate the importance of the Martian atmosphere 
m relation to change 

* * * * * * 

The orange regions cover three-fifths of the Martian 
surface Except for slight modifications m the intensity of 
their orange colour, they show no signs of change Some- 
times the colour is accentuated, sometimes it gives place to 
a pale-lemon or white It is believed that this is due to 
variations in the clearness of the Martian atmosphere, to 
clouds, mists, sandstoims, 01 even frosts Those parts of the 
orange regions which bolder upon the seas, more especially 
the narrow isthmuses Atlantis and Hesperia, which connect 
die southern islands with the northern continent , are liable 



to temporary invasions of vegetation during the height of mars 1890, judy 6— keeper 

the summer But except for these small and temporary V was not devcn Schl ^ arelll ’ s 
1 ciiua U mpuiaiy discovery of the canals that anyone else suc- 

lapses the bright legions seem to be destitute of all fertility needed in seeing them This is one of the early 

T hpxr nrp cliawin g s of the canals made with the thirty- 

iney are oenevea, si\ inch telescope at the Pick Observatory 

indeed, to be deserts 

deserts of red sand It has been suggested that this 
redness is not real, but is due to an atmosphere, even as is 
the redness of our sunsets But the ranty of the Martian 
atmosphere renders such an hypothesis untenable Red, 
they must really be 

* * * 4c * * 

In 1879 Schiapaielh detected a small, dazzling white spot 
about twenty degrees north of the equator This he took 
to be snow and christened it Nix Olympica Since then a 
large number of these spots have been observed They are, 
on the average, about 100 miles m diameter, they are com- 
pletely isolated from 
one another, they are 

MARS 1892, AUGUST 17— HUSSEY t , , - , 

Drawing made with the gicat Pick telescope ver y sharply defined, 
showing canals round Solis Locus, sometimes and their whiteness 
called the “Dye of Mais ” — the large round 1( > hnrrhv in inn nr 
black spot, and the “Bay ot the Dawn - 1S narcll y inienor to 
( Aurorae Sinus) fiom which the double canal that of the polar 

1SSUCS * snows It is almost 

certain that they are not cloud or mist, for their positions are 
absolutely fixed, and although their existence is not pei- 
manent they may remain unchanged for months , furthcr- 
moie, when they recur, they do so in exactly the same places 
It is also extremely unlikely that they arc snow, as Schia- 
parelli believed them to be, for not only do they make their 
appearance in the summer, the hottest time of the year, 

but they also tend to be situated m the tropical regions, the MARS 1894> October 7 - 

nottest parts of the planet They present, in fact, a stanpey wipdiams 

phenomenon entirely unexplained It has been suggested Stanley Williams was the first man m 
VP rv tpntat England to see the canals, with only a six and a 
very tentatively that they may be crops half mcll ldcscopc Xhe lowcst horizontal canal 






White masses obscuring parts of the planet’s surface have 


MARS 1 804-, OCTOBER 7— 
STANLEY WIEEIAMS 
Mi Stanley Williams was the first man m 
England to see the canals, with only a six and a 
half mcli telescope The lowcst horizontal canal 
is Protomlus , that above and parallel to it is 
Typhon and Or antes , the vertical ones from 
left to right are Phison , Euphrates, and Hiddekel 
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MEETING OF SOUTH POEAR SNOWS OF MARS, 1894 
In early spring the snow cap begins to melt and dwindle in size A dark 
belt of water (the polar sea) appears around its edge, and keeps pace with 
it as it shrinks The size of the cap on various dates is indicated The 
centre of the cap does not quite correspond with Mars* geographical pole 


been observed from the earliest times 
Their rapid changes m position and 
shape, their complete or partial opacity 
and their ultimate dissipation, show 
that they are some form of cloud or 
mist Lowell distinguished two types 
white and yellow, and made the sug- 
gestion, now generally accepted, that 
they are analogous, the first to ordinary 
cloud, the second to sandstorms He 
believed them to be fairly rare Later 
observations, especially those of M 
Jarry Desloges and the British Astro- 
nomical Association have shown that 
they aie much commoner than Lowell 
supposed M Jarry Desloges finds that 
the small, thin clouds are of daily 
occurrence, and he attributes many 
phenomena to obscuration by them 
The large clouds are less common In 
1909 a tremendous yellow cloud veiled 
most of the southern seas for a whole 
month In 1911 a yellow cloud with an 
area of eight million square miles 


stretched from the south pole, blotting out the 
islands, Hellas and Argyre, and most of the Mare 
Tyrhennum In June 1922 Dr Slipher at Flagstaff 
photographed a large white cloud which for four 
days hung over the coast of the Margantifei Sinus 
Great masses of cloud or mist are invariably seen 
over the melting snows some time before mid- 
summer Measurements of the height of clouds are 
extremely difficult Probably they float at the same 
sort of levels as our own clouds Lowell's measure- 
ments however indicated a height of more than 
fifteen miles above the surface for some of the larger 
masses 

He sfc sje s|e * 

There frequently appear upon the western edge 
of the planet's disc — that part which is just coming 
into our view and on which the Sun is rising — large 
white patches which rapidly dwindle, and disappear 
before reaching the centre of the disc, where it is 
midday These are usually called hoar frosts , but 
whether they are hoar frosts or low lying morning 
mists it is impossible to say 

* * * * * 

We have now ample evidence of an atmosphere , 
the clouds, sandstorms, the hoar frosts or morning 



September 1, 1877 



PF 


September 8, 1877 

SOUTH POUAR SNOWS OF MARS— GREEN 
When the pole is turned towards the Sun, in the Martian 
summer of that hemisphere, the snow begins to melt and 
becomes surrounded by a dark belt — the polar sea 
Sometimes small portions of the snow-cap become detached 


jM 


SOUTH 
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mists, and the existence of vegetation testify undeniably to it But there is more the markings 
on the planet appear to be partly obscured, apart from local clouds or mists, as they approach 
the edge of the disc This could not happen if there was no atmosphere, while the presence 
of one would necessarily cause an opacity at the edge of the disc, where we should be looking 
thiough a greater thickness of air Furthermore, Dr Slipher m 1914 photographed the spectrum 
of Mars at Flagstaff and found it to contain water-vapour This is a definite proof of an 
atmosphere Those photographs also showed that there was mo? e water-vapour over the melting 
snows than over the equator, hence they also afforded the first experimental proof that the poles 
are solid water or snow With the exception of water-vapour we ha\ c no direct evidence of other 
constituents in the Martian atmosphere But for certain physical reasons the existence of water- 
vapour is a very strong indication of the presence also of oxygen, nitrogen, and carbon dioxide gas 
Moreover, if we admit, as we surely must do, the reality of the vegetation, the conclusion that 



In order to lmd, if possible, a site where the atmosplieuc conditions were even bcttei than those at Flagstaff, Arizona, the 
twenty-four inch telescope and forty-foot dome were removed in 1890 from Hagstaff and set up at TAcubaya, Mexico This 
gigantic move only interrupted the observations of Mars between November 7 and December ,i<) 


these last three gases are present must immediately follow, for without them vegetation, as we 
know it, is impossible The Martian atmosphere would thus appear to contain the same con- 
stituents as our own 

Lowell, on theoretical grounds and from his observations of cloud, concluded that the pressure 
of the atmosphere at the surface of Mars was about one-seventh of our own atmospheric pressure More 
recent observations tend to show that Lowell underestimated the extent of the atmosphere and its 
pressure at the surface, and indicate that the pressure probably lies between one-quarter and one-sixth 
of our own 

Now the highest permanent dwellmg-place is situated m the Andes under a pressure of half an 
atmosphere Temporary ascents have been made m balloons to altitudes where the pressure is about 
one-third of an atmosphere If we, who are unaccustomed to it, can exist under such low pressures, 
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it would not seem impossible that other quite different forms of animal and vegetable life might be 
evolved, through the course of ages, to withstand the not greatly inferior pressure at the surface 
of Mars 

* * * ***** 

Since Mars is at a greater distance from the Sun, the heat which it receives is only about forty-five 
per cent of the amount of heat received by the Earth Its atmosphere, however, is abnormally clear, 
so that the heat which actually penetrates the air, and, escaping absorption, reaches its surface, is 
but slightly less than that which reaches the Earth's surface after passing through its much denser 
atmosphere The day temperatures of Mars in the Sun should not, therefore, be greatly different 
from our own, while the larger number of cloudless days would tend yet further to diminish this diff erence 
and to raise the temperature On the other hand, the rarity of the atmosphere would favour the 
more rapid escape of heat and cause a much bigger fall of temperature at night There is now 
however reason to believe that this escape of heat is largely prevented by a very considerable formation 
of cloud during the Martian mght If that is so, the night temperatures also should not be very much 
lower than those on Earth 


We come now to the much-disputed question of the canah Let us first summarise those facts 
about them which are not disputed The canah cross the seas and continents indifferently, running for 
hundreds of miles and, in some cases, for three or four thousand miles in practically straight lines 



February 2G, 1903 


March 30, 1903 


April 3, 1003 



May 4, 1903 May 7, 1903 Julj 18, 1903 

By permission of] [ Mrs Lou ell 

DEVELOPMENT OF THE BRONTES— LOWELL 

The diawing of February 25, before the Martian midsummer, shows the canal, Brontes, running vertically downwards (to the 
left of the middle) towards ProponUs (the left one of two dark spots) On March 30, some days after Martian midsummer, the 
Brontes disappeared Its gradual reappearance, developing slowly from ProponUs upwards across the disc, is seen in the 
remamuig drawings Lowell believed that this darkenmg of a canal represents the growth of vegetation on its banks brought 
about by water travelling, m this case, southwards (upwards) from the north polar snows, which are here seen (much reduced 

by melting) at the bottom of the discs 





Julj 18, 1903 





September 14 
September 15 
September 10 


September 15 
September 15 
September 18 


By kind permission of J 


[M forty Desloges 


MARS 1909 — G FOURNIER 

These beautiful drawings were made with the 113 inch telescope at Te Massegros, IyOz£re, where M Jarry 
Desloges has one of his many observatones Iyike Dowell, this astionomer h<xs recognised the supreme 
importance of a site with perfect atmospheric conditions for observing the planets The double canal, Phison 
(in top and bottom drawings on the left), is seen single in the two middle drawings M Jarry Desloges 
explains such a change as possibly due to obscuration by cloud Other changes also are seen There is 
a cloud or mist lying just north of the south polar snow cap m the lowei four drawings 


* r&m. 





November 11 
November 13 
November 21 


November 12 
November 13 
November 24 



[M Jarry Desloge<i 


These drawings were made with the 113 inch telescope at I,e Massegros, Tozcie The upper four illustrate 
the extremely complicated system of canals m the neighbourhood of the Take of the Sun (Sohs Lacus) and the 
beak-shaped Sea of Sirens ( Mare Sirenum) In the lower two Hellas appears abnormally w 1 ite disappearing 
round the left edge , this is possibly due to a deposition of hoar frost Below it is the Syrtis Major, while 
near the centre of the disc is the “ Forked Bay ” through which the zero line of longitude runs — the line 
on Mars corresponding to the Greenwich Meridian on Earth To the right of this is the pointed 
Margant%fer Smus or “Pearl-bearing Gulf” 
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19X8, April 22 


W H Steavenson ] [By permission of the Astronomer Royal 

MARS SEEN IN GREAT GREENWICH TEEESCOPE 
The Syrtis Mayor (extreme left) is cut m two by a white 
cloud The very wide canal, Gehon, runs downwards, 
and in order from it to the left are the canals Hiddtkcl , 
Euphrates , and Phison 

let us understand precisely wherein the 
dispute lies It is not, as often supposed, 
primarily concerned with their artifici- 
ality , it is rather a question of their 
appearance, whether or not it is of a 
geometrical character At the one 
extreme Lowell drew them as perfectly 
geometrical straight lines, while at the 
other M Antomadi represents them as 
diffuse, irregular, and discontinuous 
markings The reason for these great 
diversities is three-fold variations in 
the degree of the perfection of the 
atmosphere , differences m the apertures 
of the telescopes used , and idiosyncrasies 
of different eyes in the interpretation of 
delicate detail It might be thought 
that most reliance should be placed upon 
the largest telescope , but this is only 
true up to a point For the larger the 
telescope the more perfect must be the 
atmosphere , under indifferent atmos- 
pheric conditions the smaller telescope 
will often show more 

Lowell found that as the air improved 
the geometrical character of the canalx 
grew more and more apparent Now, 
although his atmosphere is the best in 
the world, he was seldom able to make 


The 6 anah in the seas aie continuous with those m 
the continents They show a marked preference for 
entering or leaving the seas at a bay or gulf rather 
than at a point where the coast is straight, thus 
indicating that their distribution is m some way 
dependent on the configuration of the %eas Their 
arrangement inter se is also remarkable not only 
do three or more tend to intersect at a single 
point, but each one, after leaving the point of 
intersection tends to connect with another similar 
point of intersection several hundred miles away 
They may, in fact, be likened to the railway 
tracks upon a map, passing from one great 
junction to another 

The changes in the canali appear to be similar 
to those in the seas , being probably both seasonal 
and irregular In addition, certain of the canali 
are occasionally seen to be double 

So much for what is definite , we shall now turn 
to that which is disputed But, before we do this, 



Photo by Dr ^teavenson\ [#y permission of the Astronomer Royal 

THE TWENTY- EIGHT INCH TELESCOPE AT GREENWICH 
Some astronomers maintain that the canals only appear straight and 
regular in comparatively small telescopes, and that larger ones show 
them as irregular markings Yet Dr Steavenson has seen them as 
apparently continuous stieaks with this great telescope 
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use of the full twenty-four inches of the aperture of his telescope He generally reduced it to 
twelve or fifteen inches, and, even under the best conditions, got no advantage by using more 
than twenty inches 

M Antomadi, using the thirty-three inch telescope at Meudon, Pans, finds, when the air is poor , 
that the canali resemble Lowell's drawings, and suggests that this explains his geometrical 
representation of them On the other hand, most observers find that poor air renders detail more 
diffuse — never sharper M Antomadi believes that the complex detail revealed by the great French 
telescope might well assume a garb of regularity when seen with the smaller telescope of the Lowell 
Observatory In reply to this, the supporters of Lowell declare that the Meudon telescope is larger 
than the condition of the air permits, and therefore gives a diffuse, discontinuous appearance to what 
are really fine lines 

The majority of observers lie intermediate between these two extremes The drawings of the 



Drawings byj 1900 1922 \Ur steavenson 

CHANGES ON MARS 


These two drawings were made by Dr Steavenson in 1909 and 1922 and illustrate certain interesting changes 
The tip of Syrtis Mai or (left) is pointed m 1909 and square m 1922 The “ Forked Bay ” (nght) is much darker in 
1922, while Pandora e Fretum, the dark horizontal band above it, is narrower and fainter Runnmg upwards at nght 
angles to this last and fonning the nght border of the round white area Hellas , is Hellespont us } which is darker 
m 1922 In 1909 the south pole, in 1922 the north pole is tilted towards us 

canali by the other observers at Flagstaff differ only in their narrowness from those of Lowell-r- 
although somewhat wider, they are perfectly straight and regular Professor Pickering’s drawings 
differ in the same way In England, the Rev TER Phillips, Dr Steavenson, Mr H Thomson, and 
Mr Stanley Williams draw them still wider, yet, nevertheless, straight and regular , at the 
same time, fully realising the limitations of their atmosphere, these astronomers do not lay any 
great stress on their results The drawings of Molesworth, in Ceylon, closely resembled those 
of the English observers But probably those favoured with the best atmosphenc conditions 
after Flagstaff are M Jarry Desloges and his assistants MM G and V Fournier Their drawings 
bear a close resemblance to those of Lowell and his assistants They find that, although the 
majority of canali are wider than Lowell drew them, a small percentage are quite as narrow 
It thus appears that the straightness and regularity of the canali are generally agreed upon 
only their degree of narrowness is disputed 
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Now although the wider lines, that are generally accepted, do not have that undeniable appearance 
of artificiality presented by the finer lines of Lowell, they do, nevertheless, have a decidedly unnatural 
appearance Their length, their straightness, and the fact that several of them intersect at a single 





a+ t A f P i A f^ NT SI E op MARS AT cr Ratest, mean, and eeast distances from earth 

A V* 3 « dl9tan et Mars is on the far side of the Sun fiom the Enith at <1 distance which may reach nearly 250 million 
miles At its neaiest it appears seven times as large -as big as a halfpenny at 200 yards distance It is then th.rt^five 

million miles from the Knrth y 





~ „ relative; SIZES OF EARTH and mars 

T, 01 0,6 “ surface of 11318 18 ** * quarter of that of 
ne eighth of the Earth Its weight is one-ninth, and gravity at its surface is one-third A weight 
of nine stone on the Earth only weighs three stone on Mars K 
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point render the theories that they are river valleys or mountain chains well-nigh impossible Probably 
the most plausible natural explanation is that they are cracks m the surface produced by volcanic 
action On this hypothesis we could account for their straightness and their radiation from single 
points Their great length, however, is a difficulty, while their tendency, after radiating from one 
point, to connect with a second point of radiation is an objection practically insurmountable Its 
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MARS 1916 


[British Astronomical Association 


CHARTS OF MARS 

These two charts, made at intervals of thirteen years, were made from the combmed observations of the members of the 
Mars Section of the British Astronomical Association In 1903 the approach of Mars to the Earth occurred at the end 
of March, in 1916 in the middle of February, so that neither approaches were very dose ones It will be seen that these 
observers draw the canals far less narrow and distinct than M Jarry Desloges or some of the American astronomers The 
white areas seen in the upper chart are interesting it has been suggested that some of the smallest of these, which are 
intensely white, and generally seen in the summer and near to the equator , are crops » 
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happening in one case might be explained as a curious coincidence, but the large number of examples 
actually presented would, on this hypothesis, be so improbable as to be outside the limits of possibility 

An attempt has been made to get round the difficulty of finding a natural explanation of the canali 
as they appear to us, by 

assuming that this appear- 
ance is totally different 
from that which they would 
present if seen close to In 
this connexion experiments 
were made by Mr Evans 
and Mr Maunder which 
showed that a seemingly 
haphazard distribution ot 
spots may give rise, at a 
distance, to the appearance 
of geometrical straight lines 
(see page 24) But such a 
distribution cannot be en- 
tirely at random , there 
must be some underlying 
method in the arrangement 
if the geometrical effect is 
to be produced Moi cover, 
that method m arrange- 
ment must be fairly well 
marked, otherwise the geo- 
metrical lines seen by one 
observer would be different 
from those seen by another, 
and would vary for the 
same observer accoiding as 
the distance of the planet 
changed or the magnifying 
power of the telescope was 
altered The suggestion, 
therefore, is by no means so 
convincing as it might at 
first sight appeal At most , 
it merely shows that the 
canali may not be geometri- 
cal lines , it does not prove 
(as some seem to think) 
that they cannot be geo- 
metrical lines 

Lowell believed that the 
canali are strips of vegeta- 
tion growing upon the 
banks of artificial water- 
ways or “ canals," which 
have been constructed by 




W H Picketing 



A E Douglass 
[From “ Popular Astronomy ' 


MARS IN 1920 

ThL drawings on the left are by Prof Pickering with an eleven inch telescope in 
J amaica, those on the right by Prof Douglass at Tucson in Arizona The drawings ot 
each pair (tight and left) are of the same aspect of Mara, and illustrate the wav m 
which two observers differ from each other m drawing the same thing It will be seen 
that Prof Pickenng s canals are wider and less regular than those of Prof DouelasT 
The lower end of the Syrtts Major (lowest pair) presented a curious form in 1920 and 
Nepenth^-Thoth was very dark 
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intelligent beings He pointed out that this theory accounted for the straightness of the canah, their 
great length, their network arrangement, the manner in which they emanate from the bays and gulfs 
upon the coast, and for their changes being largely seasonal In addition, he urged that the 
conditions existing upon the planet were not incompatible with intelligent life, and that if such an 
intelligence did indeed flourish it was to be expected that its whole energy would be directed towards 
the problem of making the best use of the planet's extremely small water supply of conveying the 
water from the melting snows into the fertile regions and onwards across the deserts The duplication 
of the canah he explained as the outcome of a further perfection of this irrigation system, by which 
the water, after fertilising the banks of one canal, was pumped through transverse channels into a 
second parallel canal to be used o\ er again 

This explanation seems to account for everything , there are no really insurmountable diffi culties 

to be brought against it It 
must, however, be remembered 
that a theory which postulates 
intelligent existence will, ipso 
facto, account for practically any 
phenomenon That it fulfils this 
purpose is no proof of its truth , 
other evidence must be forth- 
coming before we can accept it 
If Lowell's drawings and obser- 
vations were accepted m their 
entirety, they themselves would 
probably be sufficient evidence 
For it seems that no natural 
theory is compatible with them , 
nor yet do they admit of Mr 
Maunder's explanation, for the 
better the atmospheric condi- 
tions the sharper did they appear 
to Lowell — they were never 
resolved by him into complex, 
discontinuous markings But 
we must take as our entenon 
the observations of th t majority, 
and their evidence is not con- 
clusive In summing up, there- 
fore, we must say that, although 
we have found no satisfactory 
natural explanation of the 
canah , we have no proof of their 
artificiality Until that proof is 
forthcoming we have not the 
least right to assume the exist- 
ence of intelligence 

* * * 

In the year 1877, Professor 
Asaph Hall discovered with the 
twenty-six-mch telescope at 
Washington, two minute moons 



By permission of] f [Urs Lowell 

THE DEVELOPMENT OF CANALS— TOWEEIy 
These ten curves represent the variations in the darkness of the canals a nsz in 
tne curve indicates darkening , a fall a fading Ten zones of latitude have been 
C + e ? varying distances from the melting north pole , each of these is repre- 
sented by a curve The lowest point of each curve represents the time at which 
tne canals of that zone begin to darken The straight line joining these points 
s ows that it occurs a greater number of days after Martian midsummer as one 
gets farther from the melting pole The beginning of darkening of a canal is 
believed to represent the first growth of vegetation on its banks 
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No 1 
Barnard 

Forty inch Telescope, Yerkes 
PHOTOGRAPHS OF MARS, 1909 
It was once hoped that the canal dispute 
would be settled by photography So far 
that has not been realised The eye is 
able to catch instantaneous glimpses of 
very delicate detail during the extremely 
short periods of steady air But a 
photographic plate must record steady 
and unsteady periods indiscriminately — 


m attendance on Mars The 
nearer one, Phobos , is 5,800 
miles from the centre of the 
planet and, therefore, only 
3,700 miles from its surface 
It revolves round Mars m 
seven hours thirty-nine min- 
utes — less than one-third of 
a Martian day In this 
respect it is unique, for we 
know of no other body which 
revolves roundits “primary” 
in a period shorter than that 
of the rotation of the 
“ primary ” upon its axis 
It is, therefore, most inter- 
esting to note that, more 
than one hundred years 
before Professor Hall's dis- 
covery, Dean Swift, m his 
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No 2 
Hale 

Sixty inch Telescope, Mt Wilson 
PHOTOGRAPHS OF MARS, 1909 
so that the finest detail is blurred Again, 
the gram of the plate is coarser than the 
image of most of the canals The original 
negatives of the most recent photographs 
at Flagstaff show ma n y canals when 
minutely examined, but they do not 
permit of reproduction 


“ Gulliver's Travels," tells of the detection, by 
the astronomers of a fictitious race, of two satel- 
lites of Mars, one of which possessed this very 
unprecedented property l To an inhabitant on 
Mars, Phobos , unlike all other heavenly bodies, 
nses ix\ the west , travels quickly across the sky, 
and sets, four hours later, in the east , 
changing in that short time from new to full 
moon, or from full to new moon 

The outer satellite, Deimos, is scarcely less 
unconventional At a distance of 14,600 miles 
it moves round the planet in thirty hours eighteen 
minutes Since this period is not very much 
longer than that of Mars' rotation, Deimos 
remains above the Martian horizon for nearly 
three days without setting , and during that time 
goes through all its phases (from new to full 
moon) twice over 

On the assumption that their surfaces are, 
area for area, of the same brightness as that of 
Mars, these bodies are less than twenty miles in 
diameter As moons m the Martian sky they 
can serve no useful purpose, for they do not, 
like our Moon, give any adequate light in the 
night season To one standing upon the 
equator of Mars, Phobos gives but one-sixtieth 
part of the light of our own Full Moon, while 
Deimos gives only one-twelve-hundredth part 
But much of the Martian surface is at a still-* 



By permission oft [MfS LmeU 


MARS HUT,, THE IyOWRTI, OBSERVATORY 
This observatory stands at an altitude of 7,250 feet j In 
addition to the twenty four inch refracting telescope, the dome 
of which is seen m the picture, there is a forty-inch reflecting 
telescope and other smaller instruments 
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Snrt er nf d Jr dVanta . ge ' in those latltu< ies Which are higher than sixty-mne degrees north or 
Ut " i !^ eqUa u° r ; Phobos ’ the bn § hter moon, never comes above the horizon As seen from 
the Earth these bodies appear no brighter than does a man’s hand held m the sunlight at a 
distance of one hundred miles f b 

******** 

We now leave the planet Mars and its moons We shall take away with us the memory of some 
things seen certainly mists and clouds, snow, water, vegetation and deserts But there is something 
else that we cannot forget, a something seen as through a glass darkly For outlined upon the sand 
of the desert and stretching away into the regions of fertility we have found strange tracks— the 
footprints, may be, of an unknown intelligence 


THE ASTEROIDS OR MINOR PLANETS 

By A C D Crommelin, BA, DSc, FRAS 

The asteroids cannot be said to possess any telescopic interest The four largest, Ceres Pallas 
Juno, and Vesta, are the only ones that show measurable discs, even in large telescopes the 
others appear simply star-like points (hence the name “asteroids”), and the only feature 
that calls for remark in their aspect is the variation of brightness that many of them exhibit from 
which it may be inferred (see page 324) that they are of irregular shape The interest that they do 
possess, and it is a very considerable one, is m the support that they give to the theory that the 
matter now embodied in the v > 3 

great planets was once scattered, 
in the form of small particles, 
through large regions of the 
Solar System In the unique 
case of the asteroids a ring of 
numerous tiny bodies was 
formed, instead of a single 
planet The earliest view, 
formed when only a few mem- 
bers of the family were known, 
was that a planet had exploded, 
and separated into several frag- 
ments, their orbits being rend- 
ered slightly different by the 
force of the explosion 

When Ceres was discovered 
it was noted that though its 
position agreed well with that 
predicted by Bode’s Law, it 
was too small a body to rank 
with the other planets , Olbers 
seems from the first to have 
suspected that it might be one 
of a group of planets, so he 

continued the search for new [ACT) Crommehn 

bodies, being rewarded in a few -asteroids compared with the British isbes 

,, , , , * lzes ^ fb? four brightest asteroids are shown on a map of the British Isles 

months by the discovery of ^!“.^ a ? eter ° f Ceres > the largest, is equal to the length of England from Band's 
Pallas This new orb. Still Ena to Berwick. It needs a very large telescope to show them with any discs at all 

’ Tbe svesji Phobos, Phoebe, and Jupiter V aie also shown 
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smaller than Ceres, pro\ed to have the same distance from the Sun as that body, which was a startling 
phenomenon Another surprise was afforded by the huge slope of the orbit of Pallas to the general 
plane of the planetary orbits Ceres had a slope of ten degrees, that of Pallas was thirty-four 
degrees, or more than a third of a right angle , even of the thousand orbits now known, only one or 
two have as great a slope as Pallas It is not surprising that the idea of an exploded planet came 
into vogue to explain these anomalies, and curiously enough two other little bodies were found before 
long m the regions specially examined, which were the crossing points of the orbit-planes of Ceres and 
Pallas These were named Juno and Vesta, the latter being the brightest, though not the largest 
of the whole family, and being at times just visible to the naked eye , since it is decidedly smaller 

than Ceres, it must be 
composed of some white 
substance These four 
bodies were assumed to 
complete the system, 
and no more were 
looked for till 1830, 
when Hencke began a 
search, rewarded after 
fifteen years by the dis- 
covery of Astraea A 
steady stream of dis- 
coveries then began, 
which was greatly ac- 
celerated m the early 
'nineties by the intro- 
duction of photography 
as a mode of search 1 1 
had previously been 
necessary to study the 
star-maps very care- 
fully, so as to recognise 
any strange orb , but 
owing to the planet's 
movement a photo- 
graph showed it as a 
trail instead of a dot 
(see photograph on 
page 64) Needless to 
say, it is a huge under- 
taking to keep the great 
family of a thousand 
members under obser- 
vation Before the war a scheme had been arranged for dividing the work among different countries 
The war utterly disorganised this, but things are now being adjusted again In spite of all efforts 
a few planets get lost Thus Aethra, discovered by Watson in 1873, was not found again till 
December 19 22 , this was m spite of frequent search, as its orbit excited special interest from its large 
eccentricity 

The asteroids have many analogies with Saturn’s Ring In each case we have a multitude of tiny 
bodies prevented from uniting by the influence of a large neighbouring body , and in each case there 
are gaps m the ring, whose cause is seen to be perturbation The great gap in Saturn’s Ring is 



THE SIZES OF THE FOUR BRIGHT ASTEROIDS COMPARED WITH THE MOON 
It needed a very large telescope, the Yerkes forty mch refractor, and a skilled observer, the 
late Professor Barnard, to obtain reliable measures of these minute bodies Vesta, though 
considerably smaller than Ceres, is brighter than it, and must be formed of stone white substance 
The sizes of the smaller asteroids cannot be measured they are snnply estimated from the 

light that they reflect 



Diameter 





DISTRIBUTION OF THE ASTEROIDS AT DIFFERENT DISTANCES 

[The height of each pillar shows graphically the number of asteroids at each distance from the Sim On the whole they form a compact dump with Eros and Hungaria as 1 
stragglers, Thule with the Trojan and Hilda groups as outside ones The falling off m frequency at one-half and one-third of Jupiter’s period is shown The former gap, 
the densest region a little inside it, is analogous to the gap m Saturn’s rings Hirayama s five families are shown at their proper distances They are, of course, included ii 



Splendour of the Heavens 


327 


shown on pages 81 and 91 , the latter page shows the proximity of Mimas to the ring, and, in fact, a 
particle in the gap would go round Saturn in just half the time that Mimas takes It has been found 
that when a simple relationship of this kind holds between two periods, the perturbations, being 
repeated in the same part of the orbit, produce a considerable change, and alter the period of the 
perturbed body, either temporarily or permanently A famous case is the great inequality of Jupiter 
and Saturn Five of Jupiter’s periods are nearly equal to two of Saturn’s The result is that for 
many centuries the period of one planet increases, while that of the other diminishes Compensation 
is effected after about 900 years In just the same way Jupiter affects the motion of minor planets 
whose periods are one-half, one-third, or other simple fractions of Jupiter’s period I have 

prepared a diagram (page 326) which shows the distribution of asteroids at different distances from 
the Sun It should be explained 
that it is arranged by logarithms 
of the distances, not by the 
distances themselves , the tables 
of the asteroid orbits are ar- 
ranged thus, and it would have 
required more time than was 
available to rearrange them , 
there are eleven asteroids whose 
log distance lies between 0 33 
and 0 34, and so on We see 
that there are two outstanding 
asteroids, Eros and Hungana, 
which he inside the main body , 
the latter extends in a compact 
mass from the values of the 
logarithm 0 33 to 0 56, but the 
distribution is very uneven 
The most striking gap corre- 
sponds to period one-half of 
Jupiter’s, while the greatest 
density is attained just inside 
this point , similarly, the 
brightest region of Saturn’s 
Ring is just inside the great gap 
There is a marked drop in 
density where the period is one- 
third of Jupiter’s, and a slight, 
somewhat doubtful, drop for 
two-fifths and three-sevenths of 

the period A rather un- * 

expected feature is the group of six planets with periods two-thirds of Jupiter’s , apparently this par- 
ticular ratio has not the deterrent effect of the others The group is called the Hilda Group, and consists 
of Hilda, Ismene, Chicago, Bonoma, Venusia, and Simeisa Beyond them comes the isolated planet 
Thule, whose name was given (from the classical Ultima Thule) because until the discovery of the 
Trojan Group it was the farthest known asteroid, and has a period close to three-quarters of Jupiter’s 
Diagrams are also given (page 332) showing the number of asteroids with inclination and eccen- 
tricity between assigned limits The most frequently occurring values are inclination about seven 
and a half degrees, and eccentricity one-seventh They fall off pretty rapidly for large values, so 
that only three asteroids have inclination exceeding thirty degrees I have confined myself m the 



[A C D Cromtnehn 

equilateral triangle SOLUTION of the three-body 
problem 

Laplace investigated all the simple solutions of the Three-Body Problem one of 
them imagined the three bodies to be placed at the angles of an equilateral triangle 
and moving round their common centre of gravity An actual example was found 
in the heavens a century later The Trojan planets continually form approximate 
equilateral triangles with the Sun and Jupiter Four of them travel ro und the Sun 
m front of Jupiter, and two b ehin d him The letters eg denote centre of 
gravity , S J Sun and Jupiter 
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above diagrams to the first 900 asteroids, the orbits of many of the others still needmg further 
discussion 

Though the idea of the whole asteroid family arising from a single exploded planet has long been 
abandoned, a modification of it has lately been put forward by Professor K Hirayama of Tokio 
He has classified all the elements of the orbits m an exhaustive manner, and applied planetary 
perturbations so as to obtain the “ proper ” or undisturbed orbits He has in this manner found 
five famihes of asteroids, each family having elements so nearly the same that a common origin may 
reasonably be conjectured It does not seem to me necessary to imagine that a single planet exploded 
to form each family The same result might be attained by supposing that they had their origin 
in a single condensation m the primitive dust-streams, but that this condensation had subdivided 

before final consolidation He 
gives the famihes the following 
names from the leading asteroid 
of each (the numbei of members 
of the family is given after the 
name) Themis, twenty-five 
members , Eos, twenty-three , 
Coroms, fifteen , Maria, thir- 
teen , and Flora, fifty-seven 
Thus nearly a seventh of the 
known asteroids are compused 
in these five families 

The Trojan Group deserves 
special mention since it realises 
a form of motion that was pre- 
dicted by Laplace as possible a 
century before any actual case 
was known He was examining 
all the exact solutions that were 
possible of the motion of three 
bodies (of any assigned masses) 
that were moving under their 
common attraction , one poss- 
ible solution was that the bodies 
were placed at the angles of an 
equilateral triangle, and were 
then projected in directions that 
all made the same angle with 
the lines joining them to their 
common centre of gravity, the 
velocity of projection of each being proportional to its distance from that centre of gravity Under 
these conditions it is possible to show that they will all describe similar ellipses (or other conic sections) 
about the centre of gravity as their focus , also that they will continually form an equilateral triangle, 
though this will vary in size unless the motion of each body is in a circle When Achilles, the first 
Trojan discovered, had been observed for a short time it was found that its distance from the Sun 
was nearly the same as that of Jupiter, and that it made an approximately equilateral triangle with 
the Sun and Jupiter It was then conjectured that Laplace's prediction had at length received a 
practical verification The latter is, however, not quite rigorous, for all the six Trojans that are now 
known have orbits that are different from Jupiter’s both in inclination and eccentricity This has the 
result of making the motion much more complicated than the simple case imagined by Laplace 
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PATH OF CERES AT ITS DISCOVERY 
When Fiazzi found Ceres it was moving through the constellation of the Bull The 
diagram shows the positions m which he observed it The four stars shown are the 
only ones in the region (which is south of the Pleiades) that are visible to the naked eye 





Our plau -lx.*. «|„ 

"* M " K 

,c u, »si« in 


i vh 


1 * 1 * STARS HIM HHTKIlflKR 

4* Ndt f "»M«* V*ll» 4Mil *mlh frnm Wr*lmln*trr IWitl* Kill Ihr p.<*HJum of the *\w * 
Utiiinlr id trtrjil Hr it alii 
*"" m ‘ *"* >m ScidrmUr | 4l 4»*rt»t J* *0 p m (Urwimkh Mt*t» Tim#* 


s lift pm 


n »1 «0 p m 



Perihelion (point nearest Sun) 


S' 

/ 



s 


“C 

/ 


c 

/ 



/ 

/ 


< 

/ 



/ 



/ 


c 

/ 


fQ 

/ 



/ 

/ 

0) 

L_ 

_lJ 

L. 

t _ 


a) 

/ C 

c 

_Q 

/ 3 

a) 

— 

1 C /) 

U 

< 

- • 

X 


1 


0 

\ 


01 

\ 


-l_> 

\ 


_5 

\ 


L_ 

\ 


o 

\ 


C- 

\ 


O 

\ 



\ 


<V 



CL 



fO 

v 

V 


-C 

V. 

V 


00 


: • 

o 

to 

-LJ 

* J3 

vO 

L. 

o 

^r- 

M- 

0 

• 

0 

X 

c 

01 

0 

QO 

'j3 

u 


-lJ 


c 

0 • 

X a) 

cv 

U 


X 


>N if) 

D 

O—X o 

E o 

a) Ll_ 


* 


s W 
111 
o a| tt 
^ ±f I ^ 


u ain |od Lfqj i j 


u aj n j o D i|pnoj 


ULunjOD puiL|i 


u uj n | o o p u o d a g 


X c 
D 
C/0 

E 

o 

o_ 

X ^ 
(/) 
0) 

L 

D 

u_ 


O 

a 

c 

x o 


pH 

to S S |j 

i 

Ijti 

|!S! 

H « (U i 

0 s 1 1 

111 " 

5 J &1 


Q !|| 


0) 

-C 

CL 

< 


Lunjoo q s j i 


a| 

* 



GREAT BEAR 


Dec. 4^ 

" 30mi 1 1 


Nov. 18 

"37m. II 


- - -x- - 


Nov 2 ^ — 

- 46 t 7 .r" ssmi|1 • 
CHARIOTEER 


Dec 20 ' 
A + 24m,ll 


LYNX 


Jan 5 V 1 9 m i I 

LION / • 


Castor^ • 

TWINS 


Po I lux ^ 


C RAB 



Jan ?. 1 rt 16 r 


little # 

DOG 

® Procyon 


Jan. 29^ 1 5 '2 mill 
*'V?a r L j, :3 \ 


HYDRA 


Equator 



GREAT 

DOG • 5ir ' us 


[A C D C rommthn 

P\TH OF EROS AT ITS NEAR APPROACH 1930-1931, AND DISTANCE IN MILLION MIEES 
This near approach is certain to excite great interest The least distance, fifteen and a half million miles, is little more than half 
that of the opposition of 1900-1901, which has hitherto been the best observed A unique opportunity wilt be afforded for 
improving our knowledge of the Sun’s distance As the speed of Eros m perihelion is piactically equal to that of the Earth 
(very slightly greater) its motion at that time appears to be at right angles to the ecliptic 
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However, it i< found that each ot the six bodies oscillates ,n a complicated manner about the equilateral 
triangle point, the periods ot these swings being of the order of a century 01 more One might fancc 
that since several asteroids have the same point as their centre of oscillation there is a dangiT ot their 
l mg The danger is wry remote, since they are tinj bodies, perhaps 200 miles in diameter md 
the extent of their swings (which are m ihttcrent d.reet.ons) ,s wen. I m.ll.o,,, of miles 

T f° Ur °u i 16 lro l ans ( Aehillts, Hector, Nestor, and Agamemnon) are sixty degrees in iront of 
Jupiter, while the other two (Patroclus and Pnamus) arc sixty degrees behind 'it It is much to be 

— ha ,. th0 , I . Umus of Tro J an hcroes wcrc n ot given to asteroids on one side, and Greek heroes 
se on the other, this would have been an aid to memory, and would have prevented the 
anomaly of the bosom friends Achilles and Patroclus being permanently sepaiatod by 120 degrees 


Distribution of perihelia of 



asteroids (i.e. nearest points to Sun) 
for each 10 degrees of longitude. 
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liutsticiuon of Jupiter b peiturbm« effect on the astuoids 

As regai ds the nomendatuie of asteroids, the usual rule is' to give tj.em femm.ne names , masculine 
ones are reserved for planets of special mteiest Besides the Trojans there are Eros and Albert 
both of which approach the Earth’s orbit within some fifteen million miles , the lattei planet was 
however, insufficiently observed, and is now lost , but' another planet has' been found with a similat’ 
orbit to Albert , it was given the feminine name Alinda, which is contrary to the principles laid 
own . ias a very eccentric orbit, its period being almost four years , it therefore goes out nearly 
to Jupiter s orbit and will undeigo lairge perturbations, the effect of which has not yet been calculated 
Mention should be made of a very remarkable asteroid discovered by Dr Baade at Hamburg two 
years ago It has such an eccentric orbit that it travels all the way from the orbit of Mars to that 
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INCLINATION OF ORBITS OF ASTEROIDS 

The heights of the pillars show the numbers of asteroids that have their inclinations between the limi ts noted at the foot 
of the pillars The inclinations are shown by the sloping lines at the side of the diagram 






eccentricity of orbits of asteroids lA C D Qrommeh 

for firs? pillar is about 'on^twentv fourth*^ ° f a9ter ° lds eccentn aties between tie limits noted The eccentrical 

tor nrst pillar is about one tweuty-fourth, for second one eighth, for third one fifth, for fourth three-tenths A compamc 

diagram shows the position of the Sun in the orbit for each group 
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of Saturn, its period being about thirteen years It thus crosses the orbit of Jupiter , but fortunately 
for it, its orbit has a high inclination, and it does not make a very near approach to Jupiter, otherwise 
it would undergo huge perturbations , it has not yet been given a name, and is known simply bv the 
number 944 

A diagram is given (page 330) showing the apparent motion of Eros at the tmv» 0 f its near 
approach to the Earth m 1931 This does not claim accuracy, as the perturbations have still to be 
worked out It is interesting from the fact that Eros, though its orbit is outside that of the Earth, 
will at that time be moving more rapidly, owing to its orbit being so eccentric , it thus r.laimc the 
distinction (shared with Albert and Alinda) of being in opposition without apparently moving 
backwards J 6 

CHAPTER VIII 
JUPITER -- 
By W F Denning, F R A S 

T HIS planet is a magnificent object and revolves on the outer side of the great zone of minor 
planets distributed over a wide expanse of space exterior to Mars 
He is the largest body of the Sun’s attendant retinue, though he does not shine in the heavens 
with equal splendour to Venus, and is occasionally inferior m lustre to Mars, as m June 1922 But 
he presents a fine appearance nevertheless at a mean distance from the Sun of 480 millions of miles 




COMPARATIVE DIMENSIONS OF JUPITER AND THE EARTH 
Jupiter is the largest of the planets , indeed, its bulk is greater than that of all the others combined 

and 1,400 times the volume of the ^arth 


It is between 1,300 


i 
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Jupiter’s equatorial diametei 
is 88,500 miles His sidereal period 
of revolution occupies 4,332 5 
days or 11 86 years 

That Jupiter is a giant among 
the planets of the Solar System 
will be obvious when it is stated 
that he is of greater mass than all 
the rest of them collectively, His 
expansive disc forms a splendid 
spectacle when viewed under high 
powers “m a moderately large 
telescope The chief aspect of the 
globe is at once apparent, for a 
senes of parallel dusky bands or 
belts are seen as striking features 
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1 HE ADOPTED NOMENCLATURE OP JUPITER 
The diagram gi\es the names assigned to the diffeicnt parts of the suitace ot 
J upiter The dark streaks are knou n as bells, and the blight intermedi ite -space-, 
as zones As the astronomical telescope gives an inverted image, the north is 
at the bottom of the diagianu. To avoid confusion, the names of Che belts ate 
untten on the light, and those of the zones on the {eft 


Alternating with them are bright zones, and both the bright and dark regions are variegated with 
spots of irregular character and of different tint and magnitude These markings are clearly of 
atmospheric origin and situated m the outer envelope of Jupiter The real surface of the ^planet 
is not visible at all, being hidden under the dense vapours which overlie it Students <Jt the physical 
appearance of this planet investigate therefore merely the outer atmosphere or envelope and its 
formations, changes and motions * 

The reflective capacity of Jupiter is relatively great, and exceeds what would have been expected 
In fact the planet shines with undue brightness considering his distance from the Sun It lias been 

thought that the planet is m a heated 
condition, and that his physical^ state is 
in some measure responsible for his 
luminous aspect and active surface lit 
the cooling process the larger planets, 
Jupiter and Saturn, would occupy a 
very long period and reach the habit- 
able stage at a far later time than the 
smaller orbs, including the Earth, 
Venus, Mars, and Meicury These views * 
have been held for many years without 
much contention, but they have now 
been opposed, and Dr Jeffreys has very 
recently investigated the question and 
announced^ his conclusions as follows 
“ Most authorities state that the four 
outer planets are hot and largely 
gaseous The evidence available seems 
to me to trend m the other direction, 
and points to a cold surface ” 

The rhatter is receiving furthei in- 
vestigation, and it is hoped that the 
data will enable satisfactory deductions 
to be made The question piesents 
some difficulties and opinions are some- 
what dmded, but the subject is 



Drmng bv] [B M Antomadi 

JUPITER ON 1901, MAY 21, 21h 57m 
The Red Spot lying m its “ hollow,” is seen above the centre to tne 
extreme left The mass of dark matter to the right of it is part of the 
South Tropical Disturbance, then on the same side of the globe as the 
Red Spot 
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important as altecting the phenomena and condition ot the laige planets Old views ha\c often 
had to be put on one side from the evidence furnished by later im estigations, which have given us 
more light and shown the necessity for correction 

■ts already stated, Jupiter is a brilliant object in the firmament when in opposition, and may 
easily be identified it his position is approximately known, as he shines with a very steady pale- 
- y ellow hght, and is a more striking object than any of the fixed stars His place in the sky can he 


VARIATIONS IN THU APPARENT SI/,15 OF J1TP11UR 
Wlieu Jupiter amt the Barth art on opposite soles of the Sun the .hstance between the two planets is at a maximum mill 
1 lb distance, as compared with that at opposition, may on occasion almost reach the proportion of five to three Phis affects 
the apparent brightness of the planet in a still greater proportion— about three to one 


Plane of the 


Planets orbit 


U) 

X 
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THE Tir/r OF JUPITER’S \XIS 

Jupiter tiavels round the Sun nearly “upright,” the plane of his equator being inclined only about three degrees to his orbit 
{compare the Earth s tilt of twenty three and a half degrees) As a result of this, Jupiter has practically no seasons, and 
the orbits of his four chief satellites, which he nearly m the plant of his equator, generally appear to us as nearh straight lines 
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found by means of a celestial globe and an almanac or ephemeris, and the times of his rising, southing 
or setting can be learnt from the same sources 

This planet is not usually as well defined as Mars and Saturn m a telescope, and particularly with 
high powers In 1905 the writer tried some experiments with differen t powers on reflecting telescopes 
of 12 6-inch (Calver) and 10-mch (With) mirrors and focal lengths 9 feet 6 inches and 6 feet 6 mches 
His results for the 12 6-inch were as follows — 

Powers 

205 and 225 Superb definition — small images 

312 and 315 Very effective Best powers for general planetary inrork 

404 and 440 Little advantage over 315 except on very good nights, when they are better for detail 
572 No gain, in fact 500 seems to be the utmost limit 
710 and 713 Pretty sharp image and many details satisfactory s»een, but vibration troublesome 
and images faint and not satisfactory 


JUPITER 

This gives an idea of Jupiter and his four chief satdlites as they appear in tlie field of view of a powerful telescope. 

912 Single lens— good Better results than with ordinary -eye-pieces of about 700 

1210 Indistinct and faint, details blurred Not nearly so goo-d as one-third the magnification 

1540 Single lens Pretty distinct at centre of field Many spots well seen, but the rapid 

motion and vibration spoil view and render effective workmg impossible 
When high powers are necessary the single lens is a great advantage though the field 
is very small W Herschel, Dawes and other able observers realised its value and 
acted upon it 

Observers of Jupiter should not overpress magnifying power, but accustom themselves to one eye- 
piece or two at most On a really good night with a ten-inch glass a power of 375 might be best, 
and on normal mghts about 315 But every observer may discover with a little expenence the 
powers which are the most suitable for the observational work in which he is engaged Low powers 
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mean sharp definition, a bright object, little vibration, but a small image, while high powers 
mean inferior definition, a fainter object, greater vibration, but an expansive image 

Jupiter s details come out splendidly near the time of sunrise or in daylight before sunset until 
darkness makes the picture brilliant, for the full lustre of the planet may be apt, in a large glass, to 
overcome delicate features 


The telescopic definition of Jupiter varies greatly according to the altitude of the planet From 
487 nights of observation (tcn-inch reflector) at Bristol the following percentages were obtained — 
Nights Very good Good Fair Bad Very bad 

Jupiter south of equator 7 0 14 1 15 5 33 8 29 6 = 100 0 

Jupiter north of equator 19 8 29 1 25 6 18 6 7 0 = 100 1 

The motion of Jupiter along the zodiac carries him alternately from about 23° N of the equator 
to 23° S of it Fiom the latitude of Greenwich the extreme altitudes of the planet at southing vary 
between 15|° and 611-° 

Some of the objects observed 
circulating m Jupiter’s atmos- 
phere are very durable , others 
are only temporary Chief 
among them all is the “ Great 
Red Spot,” which created quite 



1 — 1017, Decembcr_19 


2 — 1917, December 10 


a sensation among planetary 
observers in 1878 and later 
years It had, however, been 
a well-observed feature long 
before that year, for Dawes 
figured it in November, 1857, 
while a few years later it was 
independently recognised by 
many observers, including Jacob, 
Baxendell, Huggins, Long and 
others The spot exhibited an 
intense red colouring, and its 
symmetrical oval shape formed a 
striking and durable feature of 
its appearance Since 1857 the 
spot has passed through many 
vicissitudes and gradations of 
tint, assuming a deep, bnck-red 
colour for some years about 
1878-1881, and becoming a 
wonderfully conspicuous and al- 
most startling object on the 
planet's surface 

Every telescopic observer 
turned his instrument on Jupiter 
and obtained for himself a view 
of the “ Great Red Spot ” It 
quite merited its description as 
the most remarkable planetary 
marking that had ever been seen 
Was it the same spot that had 
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4 —1018, November 21 



7—1919, March 24 8 —1910, April 2 
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THE SOUTH TROPICAL, REGION OF JUPITER 
These drawings illustrate the remarkable change which occurred in tins region 
a few years ago The two top drawings show the South Equatorial Belt in its 
usual strength and with the now famous South Tropical Disturbance between this 
belt and the South Temperate Belt Drawmg 3 shows, m addition, the “ hollow ” 
in which the great “ Red Spot ” is situated, together with some indication of the 
spot itself In drawmg 4 the South Tropical Disturbance is advancing on the 
visible disc on the right-hand side In drawings 5 to 8 we note the fading of 
the southern portion of the South Equatorial Belt and the South Tropical 
Disturbance, but the Red Spot remained visible even when its wdl known 
hoUow disappeared It is seen near the centre in drawings 5 and 8 The white 
oval spot on the South Equatorial Belt near the left-hand side in drawing 1 
and the round black spot are satellite I and its shadow 
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Drawing by [W F Denmng 

JUPITER, 1880, NOVEMBER 29, AT 7h 35m GMT 

The famous Red Spot is shown as a dark, approximately elliptical marking, pointed on its right-hand side I he hollow did 
not exist at this date, the effect being somewhat similar to that observed near the end of 1919 (see drawing on page 349) 
There is a very remarkable senes of minute dark spots on the North Temperate Belt 


aroused the enthusiasm of the ancient observers, Hooke, Cassini and others, m 1664 and later years, 
and which disappeared and reappeared several times ? It is suggestive of identity that it was in the 
same latitude of Jupiter and had nearly the same rotation period 

The present spot has usually been situated in a curious hollow or basin in the south side of the 
southern equatorial belt, and the hollow has been m almost continuous evidence since September 
1831 The average rotation period of this ob]ect has been 9 hours 55 minutes 36 8 seconds, and 
about 81,000 rotations have been performed m the nearly nmety-two years’ interval to 1923 
Hooke was the undisputed discoverer of the great spot on Jupiter m 1664 Cassini followed up 
observations of this remarkable object, and his name has been so closely identified with it that he 
has been thought to have first recognised it Priority certainly belonged to Hooke, but he did not 
pursue the marking and mvestigate the rotation penocl to the same extent as Cassini 

Hooke’s spot of 1664 may well have been closely connected if not absolutely identical with the 
modem Great Red Spot There are analogies of position and motion which significantly associate 
the pair of objects and pointedly suggest that they were the same At any rate we may hardly avoid 
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the inference that they were the outcome of similar phenomena The red spot ot to-day, having 
survived sixty-six years amid all the vicissitudes of a very active atmosphere, may well have 
maintained itself during the 239 years which have elapsed since the night of May 19, 1664, when 
Hooke obtained the first glimpse of it The marking is now only a relic or shade of its former self, 
but it may acquire its old-time prominence by a reinvigorating process akin to that which acted 
upon it in the Seventeenth Century, when it apparently disappeared and reappeared at intervals 
Its feeble aspect of late years would have rendered it practically invisible m the old telescopes Had 
Cassini possessed more powerful means he might possibly have been able to keep the spot continuously 
under observation, but his instruments, though the best available at his time, were of limited capacity 
Moreover, students of Jupiter were very few and all the circumstances, in fact, tend to pro\e that a 
marking, unless of fairly conspicuous kind, could easily have evaded the few eyes and telescopes which 
were turned critically on to the planet in Cassini’s day 

The fact has already been stated that the markings on Jupiter assume the foim of approximately 
parallel belts and zones New belts appear to be caused by upheavals or ejections from the actual 
surface, and old belts may be maintained by the same means New belts were foimed under the eves of 
observers in the years 1861-2 and 1880-1 m sixty-two days and ninety-one days respcctivelv In 
these cases the disturbances affected nearly the same latitude, viz , fifteen to twenty-five degrees 



The chart illustrates the determination of rotation periods Observed longitudes are plotted against the corresponding dates, and lines 
drawn as evenly as possible through the observations The slope of a line indicates the drift ot an object relatively to the zero meridian, 

and from this the rotation period ean be deduced 
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north This region seems liable to special 
activity at certain periods, and the develop- 
ments provide very interesting and singular 
facts which may help us m forming correct 
views as to the phenomena of the planet's 
surface 

It has been thought that some of the 
changes on Jupiter may exhibit regular 
times of recurrence corresponding approxi- 
mately with the planet’s revolution period, 
but this idea has not been thoroughly 
proved except in the case of the colouring 
of the equatorial belts, which Stanley 
Williams has shown to be repeated at 
intervals of 11 8 years There is evidence 
of other variations which are not substan- 
tiated on ample proof The fluctuations 
in the rate of motion of the Great Red Spot 
on Jupiter have been considerable and 
apparently induced by the quicker motion 
of other markings situated in the same 



From “Knowledge ”] [By Latimer J Wilson 

JUPITER, SHOWING THE POSITION OP THE 
RED SPOT (WHITE OVAE), 1913, MAY 24, AT 
8h. 42m GMT 

This chawing shows on the left the preceding end of 
the South Tropical Disturbance Near the centre is the 
Red Spot Hollow, with some curious streaks across 
the place of the Red Spot, 



Drawn by] [J E Keeler 

JUPIPER, 1890, OCTOBER 3 

This picture of Jupiter, drawn by the late Piofessor Keeler with the 
thirty six inch refractoi at the I y ick Observatory, gives a good idea 
of the appearance, of the Red Spot a few years after its period of 
maximum prominence The central portions of the spot were the 
first to fade, leaving a dusky outline at the run 

south tropical region of the suifacc The latter have 
accelerated the motion of the red spot as they have 
overtaken it and occasioned a distinct shortening m 
the rotation period of that object The minimum 
appears to have been reached in 1831, 1877 and 1918, 
when the values nearly agreed at 9 hours 55 minutes 
33 5 seconds, which coriesponds to intervals of 
forty-six and forty-one years and may possibly 
indicate a cycle of about forty-four years 

In 1859 and 1900 the maximum was 9 hours 55 
minutes 38 3 seconds and 9 hours 55 minutes 41 6 
seconds, the interval being forty-one years 

The modern study of Jupiter has differed in 
important respects from that pursued more than half 
a century ago Formerly observers viewed the planet 
irregularly, occasionally made drawings of the 
features seen, and described any notable details, 
but they did not follow the work with frequent 
repetition and the utmost accuracy In recent years 
the planet has been thoroughly watched, and all the 
more conspicuous markings with many of the minor 
featuies carefully studied over as long periods of 
time as possible For this purpose many thousands 
of the times of transit of the spots and irregular 
markings have been taken as they passed the central 
meridian Thus the objects have been followed over 
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several years and identified in many cases at successive apparitions Formerly if a curious 
marking was seen it was neglected after its detection was announced Now its life history is 
pursued with a thoroughness and persistency which enable us to determine its period of rotation 
and its duration, and in some cases to judge of its character One marking, above referred to, has 
been traced during the ninety-two years which have elapsed since it was first seen by Schwabe in 
September 1831 Another has been kept under review during the sixty-six years since November 
1857, when Dawes made a drawing of the planet These objects are respectively the “ Hollow in 
the Great Southern Belt ” and the " Oval Red Spot ” in south latitude about twenty degrees, and 
they remain both visible to-day Another marking, called the “ South Tropical Disturbance,” showing 
great changes of motion, extent and shape, has been seen since Molesworth first figured it in February 
1901 Certain of the features are of extremely durable character, and must represent something 
very different from the ever changing and evanescent clouds floating about in our own atmosphere 
The physical condition of Jupiter’s surface must, in fact, be very dissimilar to that of our own sphere 






Drawings by] 

JUMIRK, 1001, AUGUST 12, AT 1th 40m AN1) Ifih 115m C.Ml ^ 

These two thawings arc given foi the purpose of illustrating the lupid rotation of the planet Thc> were made on the same 
night at an intMvol of approximately two hours It will be seen that the objects near the light hind side of the enrlici 
drawing have been earned across the centre towards the left hand side m the lutci one The mol ion is so rapid that a watch 
ot but three oi lour minutes is amply sufficient to show the turning movement, or rotation, of the planet if the mshmncnt 
and conditions, be good and the observer experienced m such work 


and of the envelope surrounding it, in the latter of which great changes and transformations operate 
from hour to hour 

It seems likely that from the surface of the Jovian orb there occur emissions or ejections of gaseous 
material or vapours which rise to the outei layers of his envelope and may there partially consolidate 
and assume durable conditions 1 he planet has a motion of rotation very many times swifter 
than that of the Earth In fact, while Jupiter’s equatorial region rotates at the rate of about 470 
miles per minute, the Earth’s movement is only about seventeen miles per minute The great 
velocity of Jupiter’s globe has the effect not only of causing the polar flattening and equatorial bulge 
to be very marked, the polar and equatorial diameter being m the ratio of fifteen to sixteen, but also 
of altering the forms of certain mobile and possibly elastic formations on the planet’s disc, which, 
as above stated, arc drifted into the bands or streams of shading which we invariably perceive on 
the disc and form the belted aspect with which telescopic observers are so familiar 
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Cuirents of different velocities influence the movement of the various features, and certain objects 
in the same latitudes are not moving at the same rates, nor does the same feature maintain an equable 
rate ot speed Generally the equatorial region contains objects displaying the greatest speed, but 
this is not invariably the case 

The periods of rotation of the markings differ between 9 hours 48 minutes and 9 hours 56 J minutes 

What the real rotation of the Jovian sphere is we do not know All the features composing 
his extensive scenery may be regarded as floating objects in an atmospheric ocean, influenced by a 
great diversity of currents running in directions parallel approximately at least with the planet’s 
equator 

Thus the study of this orb is justly considered to be of profound interest, and we are not only 
attracted to the planet by the splendour of his luminous effect m the heavens, but from the fact 
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I row Scuntia ”i [/ b R Phillip* 

THE ROIATION OF JUPITER 

As explained m the article, the outei envelope of Jupiter which wc see does not rotate like a solid globe, but, as is the case 
with the Sun, the time required for a rotation depends on the latitude of the object observed There are quite a number of 
separate “ surface currents,” as the* are called, movmg at different speeds, and these currents are surprisingly shaiph bounded 
They are indicated m the diagram, together with the adopted values of their mean rotation periods It is to be noted that 
the periods of the surface currents show variations within certain limits from year to year, and the figures on the diagram are 
adopted mean values only The ellipse m the Southern Hemisphere indicates the “ Red Spot ” 


that his surface presents a scene of great variety and activity He forms an object which can never 
be considered to present the monotony of sameness There may be something always akin in his 
general aspect, but m detail he may exhibit stnking activities from night to night New objects 
are frequently forming and old ones either disappear or exhibit changes of shape, motion or colour 
Jupiter presents some analogies with the Sun in regard to the mobile character of his envelope 
The rotation period of the solar orb is different according to the latitude, and there are evidences of 
great activity usually present Some years ago it was suspected that certain visible phenomena on 
Jupiter exhibited a periodical recurrence corresponding with his time of revolution (118 years) and 
not differing greatly from the intervals separating sun-spot maxima The colour changes on the 
Jovian orb already referred to appear to be pretty consistent with the penod named, though in some 
other respects irregularities occur opposing the idea of cyclical disturbances No doubt the planet 
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gives strong indications that similar phenomena producing spots, belts and irregular features are 
repeated from time to time, but not always with consistency as regards the periods 

In another respect there is an analogy between Jupiter and the Sun, for both objects show regions 
of greatest activity at certain distances north and south of the equator The solar spots appear in 
greatest frequency in belts or 
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zones from latitude ten de- 
grees to twenty degrees in 
the north and south tropical 
regions, and the two principal 
belts on Jupiter, in which 
numerous spots and irregu- 
larities occur, are usually 
placed m nearly similar lati- 
tudes to those mentioned 
With regard to the physi- 
cal condition of the planet 
and the relative heights of 
the various markings a num- 
ber of writers have expressed 
their views, and they are by 
no means consonant, but 
rathei appear, in some cases 
at least, to be contradictory 
With reference to the 
Great Red Spot, Phillips 
considers that there is strong 
evidence favouring the idea 
that it is “ a vortex — ana- 
logous to a cyclone on the 
Earth, though its prolonged 
existence shows that it must 
be of great strength and 
probably deep seated below 
the planet’s visible surface 
This theory is doubtless not 
free from objections, but it 
may fairly be said that it 
fits the facts better than 
any other ” He points out 
that we might expect “ vor- 
tices to occur along the lines 
of contact between viscous 
currents possessing diverse 
velocities, and if many Jovian 
spots are of this charcter we 
then have another analogy be- 
tween Jupiter and the Sun ” 

The dusky belts may possibly be comparatively clear tracts and situated at a lower level than 
the bright zones, which may represent cloudy regions of strongly reflective vapours, such as our 
cumulus Lau interpreted the bright spots as centres of eruption similar to the bright markings 
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J II BRIDGFR M A AINSIylE 

October 20, 111c 5m. G M.T November 7, 7h Um. G M.T 

Bv permission of\ \Thc British Astronomical Association 

JUPITER IN 10 1G 

These drawings were made by members of the Jupiter Section of the British Astronomica 
Association It wiU be noted that m all the North Equatorial Belt is the most disturbed 
region of the disc, great irregularities bang shown at its edges In Bridger’s drawmg 
satellite I and its shadow are shown close together on the South Equatorial Belt The 
shadow of II is seen on Ainslie’s drawing 
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Drawing by] w F Dmmng 

JUPITER, 1906, APRIL, 13, AT 5h 30m GMT 
Towards the left in this drawing is seen the old Red Spot as a well defined ellipse 
lying m its hollow on the south side of the South Equatorial Belt To the right of 
this we see the South Tropical Disturbance This objeet was first seen by the late 
Major Molesworth, m Ceylon, on February 28, 1901, as a small round projection, at 
the south edge of the South Equatorial Belt It quickly showed striking develop- 
ments, spreading across the South Tropical Zone to the South Temperate Belt, 
> and at the same time becoming greatly extended in longitude At times it has 
exceeded 180° m length A white spot has usually been seen at the preceding and 
L following ends 


which terrestrial volcanoes may 
occasion when very active by 
the ejection of smoke, steam 
and other highly reflectne va- 
pours The fact is, however, 
that the results of speculation 
with regard to the condition 
of Jupiter and the causes and 
character of his visible phe- 
nomena are hardly likely to 
represent the true state of 
things Our own Earth and 
surroundings must necessarily 
influence us m judgment and 
may lead us to see analogies 
where none exist more than 
distant physical resemblances 
In fact, other planetary worlds 
may be so utterly different 
from our own as to afford 
novelties such as we can 
neither conceive noi under- 
stand, for the circumstances 
affecting, say, Mercury or 
Jupiter are vastly different from 
those which influence and direct 
terrestrial phenomena The 
changing aspects blended with 
stable features, all exhibiting 
a singular variety of motion 
and some of them of enormous 
dimensions, can find no counter- 
part m the aerial sea sur- 


rounding our own globe It is the recognition and pursuit of the many variations presented that 
make the study of Jovian features so highly interesting 

Jupiter’s currents are in a longitudinal direction and differences have been detected among them 
to the extent of about eight and a half minutes for one rotation The motions show not only i dative 
differences according to the latitude, but that the same objects are liable to variations of speed 
Thus the Great Red Spot, in about south longitude twenty degrees, has varied between 9 hours 
55 minutes 33 seconds and 9 hours 55 minutes 42 seconds, and the equatorial spots between 9 hours 
50 minutes 6 seconds and 9 hours 55 minutes 35 seconds during the past forty years, and occasionally 
these limits have been exceeded m the behaviour of individual spots But, though there have been 
notable exceptions, the same latitudes are generally controlled by nearly similar rates of movement, 
so that, when the position of a marking is known, we may pretty correctly estimate what its rotation 
period will be On one occasion, however, in 1880 there was an outbreak of spots showing a period 
of only 9 hours 48 minutes, though the same latitude (about twenty-five degrees north) usually gave 
9 hours 55 minutes 30 seconds J 

Observers who habitually watch and critically record the surface markings of this planet note 
some singular developments Owing to their swifter movement the equatorial spots completed a 
revolution around Jupiter relatively to the Red Spot m forty-four and a half days m 1880, and the 
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two objects came into conjunction at this interval In 1901 the dark south tropical disturbance 
occasioned spots m nearly the same latitude as the Red Spot The former rotated in about twenty 
seconds less time than the latter, and successive conjunctions happened m rather less than two years 
This period is now lengthened to about six years owing to changes of motion in the objects, and there 
is a difference of only si\ and a half seconds in the rotation periods 
There are a great num- 
ber of variations occur- ' ' ' ' 1 ' 1 " " ' ' ’ ■ 

ring m the outer envelope __ 

of Jupiter, and these are * * 

ever introducing features ***** 0 ^** 1 ^***, 

of peculiar interest Not T ^ rr . 

only in rotation and ^ 

proper motions, but m 
shape and size the spots 
and markings are ever 
displaying variety The 
south tropical marking, 

mentioned above, has ____ * - — - — — * 

changed m length from 

about 25 degrees to 180 t ^ 1 * 

degrees, which is equiva- ^ * 

lent to something like 
100,000 miles of Jo\ian 

gigantic scale and they 1 J’ , 

m our telescopes though ,* 

situated at a mean dis- * J ' 

tance of 480 millions of * ( — 

miles During the last _ 

twenty-three years the *m w****w#* 

south tropical spot or ^ IT , ^ 

lanties m the motion of ** 

the Red Spot , a fact j 

foreseen and first an- 

nounced by E M Anto- 
madi v , 

When we realise how 
much the telescope illu- 
mines our understanding . > 1 ^ t , J 

as to manv of the hidden Drawings &y] \j Gledhill and W F Denning 

J j £ THE RED SPOT 

secrets and wonders Ol Three different aspects of the Red Spot are here shown The top one is a drawing 
Nature we cannot but by Gledhill, in 1870, January 23, 8h 20m , on which the object appears as a simple elliptical 
- , , , tmg The middle drawing, by Denning, was made about four years after the object became 

appreciate the remarkable so conspicuous, and it shows pointed ends such as have been observed at various tunes 
powers of this rnstru- They are extrenlely difficult to explain In the lowest drawing, by Denning, in 1880, 
^ October 11, llh 54m , the spot is shown greatly faded, and the pointed ends have become 

ment mere dark dots 
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Drawings by] \J Gledhill and W F Defining 

THE RED SPOT 

Three different aspects of the Red Spot are here shown The top one is a drawing 
by Gledhill, in 1870, January 23, 8h 20m , on which the object appears as a simple elliptical 
ring The middle drawing, by Denning, was made about four years after the object became 
so conspicuous, and it shows pointed ends such as have been observed at various tunes 
They are extremely difficult to explain In the lowest drawing, by Denning, in 1880, 
October 11, llh 54m , the spot is shown greatly faded, and the pointed ends have become 

mere dark dots 
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To natural vision only Jupiter shines simply as a star m our skies, but the telescope at once 
reveals it as a large globe full of activity and rich m detail, while a numerous retinue of nine 
attendant moons is found to revolve around him 


Students of Jupiter at one time experienced a difficulty m refemng to certain belts, localities 
or latitudes on the planet, and devised an expressive nomenclature to enable them to define and 
describe positions in latitude 

The chief belts and zones are generally somewhat similar, and suggested to various observers 
an obvious means of reference as illustrated in the diagram on page 334 Thus if a spot was seen m 
the southernmost dark belt it would be said to be on the S S temperate belt, and so on This 
arrangement usually meets requirements, but the belts are changeable and not always symmetrically 
placed, though there are nearly always two great belts bounding the equatorial zone Occasionally 

there are a large number of belts lying m parallel 
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lines (like stratus clouds) in one hemisphere 
Mr A Stanley Williams, the Rev TER 
Phillips and others have determined the general 
rate of rotation for various latitudes, and there is 
fair consistency, if not absolute agreement, m 
their independent deductions Ephemendes are 
published every year in the Nautical Almanac 
containing data of great value to students of the 
planet, and in a still more convenient form m A 
Handbook for Observers , published by the British 
Astronomical Association By the help of these 
an observer may find, e g , when to look for the 
Great Red Spot and may reduce his own observa- 
tions Two rotation periods are used, viz , 9 
hours 50 minutes 30 004 seconds, and 9 hours 
55 minutes 40 632 seconds, and with these the 
observed motions of spots may be readily com- 
pared The first of these systems is intended to 
represent equatorial markings which indicate a 
rotation performed in about five minutes less time 
than that of the Red Spot and the second 
represents approximately the period of features 
commonly seen outside the equatorial zone 
The following table will show the equivalent 
values of time and degrees of longitude on Jupiter 
according to the two systems 


Dr dti mgs by\ [E M Antoniach 

THE R^D SPOT 

The South Tropical Disturbance is situated m the same lati- 
tude as the Red Spot, and, movmg more quickly, periodi- 
cally overtakes it At such times it is invariably found that 
the motion of the Red Spot becomes accelerated, and the 
upper drawing illustrates M Antomadi’s explanation that the 
dark material of the Disturbance pushes on or carries forward 
the Red Spot as it flows round or below that famous marking 
The two other drawings, made with the Meudon thirty 
three inch refractor, on 1911, May 22, at lOh 47m GMT, 
and on 1911, July 7, at 8h 36m GMT respectively, show 
some interesting details The Spot itself is pointed at its 
preceding (left-hand) end, and near the latter a curious 
dark, curved marking ’S shown in the bottom drawing 
Note the changes m the region of the following (right hand) 
“ shoulder ” of the hollow 


Minutes of 

System I 

System II 

time 

9h 50m 30 004s 

9h 55m 40 632s 


Degrees 

Degrees 

05 

0 305 

0 302 

1 0 

0 610 

0 604 

50 

3 048 

3 022 

10 0 

6 097 

6 044 

50 0 

30483 

30 218 

100 0 

60 967 

60 437 

200 0 

121 934 

120 874 

300 0 

182 900 

181 310 

Jupiter 

is so large that he must necessarily and 



1013, August 28 71i 55m GMT 


1914, August 29, Uh 15m GMT 
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191 1, September 12, 7h 30m GMT 1914, August 31, lOh 30m GMT 

From “ KnOiCUdge* J [TO Phillips 

SIX DRAWINGS OF JUPITER 

The three drawings on the left-hand side show the remarkable series of large bright egg-shaped markings in the north part of the Equatorial 
/one, bordering the North Equatorial Belt, which appeared in 1913 They showed a much more rapid rate of rotation than had been observed 
tor several years The three drawmgs on the right show the planet’s aspect in 1914 Note the curious link like markings on the two upper ones 
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H THOMSON 

3 — November 19, llh. 15m. GMT 




M A AINSIylH 

2 —October 27, 12h 25m. G M.T 


obviously influence the movements and stability of many of the lesser orbs Some of the minor 
planets are affected Comets are occasionally drawn out of their courses, and any of these bodies 
passing near him will be perturbed in more or less degree according to the conditions He is capable 

— of impressing new 
paths upon some of 
them 

The story o f 
Lexell’s comet of 1770 
and its changes of 


Jupiter have often 
been described in 
textbooks 

How the Novem- 
ber Leonids were 

p sargent ' m a ainseie attracted away from 

1 August 18, iah Om G K T 2 -October 27, 12h 25m. G M.T ^ SQ ^ Rt 

their perihelion in 
1899 that they could 
not produce a grand 
display is familiar in 
astronomical history 
Jupiterisspecially 
responsible for many 
extensive disturb- 
ances which have oc- 
curred in the move- 
ments and orbits of 
comets His great 

JHL lMlUJVlbUJN M A a INST HT r . , , 

3 November 19, llh. 15m. G M T 4 -Novembct 25, 9h 3Cm G M.T P 0WCrS ° f attraction 

seem, indeed, to have 
enabled him to form 
an important comct- 
ary group or com- 
munity of his own 
He appears to have 
deflected certain 
comets of long period 
away from the very 
eccentric ellipses they 
formerly traversed to 
ellipses more nearly 

- - H THOMbON approaching circles 

5— December 7, 9h. 50m. GMT <5 —December 14 8h 55m. G M. T and requiring short 

By permission of] [The British Astronomical Association i r i , 

jupiter in 1917 periods of revolution 

Another series of drawings by members of the Jupiter Section of the British Astronomical The average of about 
Association The preceding end of the South Tropical Disturbance is seen m Drawings 3 and 6, ___ 

and the following end in Nos 1 and 2 The Red Spot Hollow is shown near the preceding fort ^ Comets IS SIX 

limb in Nos 2 (gomg off the disc at preceding limb), 4, 5, and 6 The Red Spot itself is also and a half years 

shown lying in its hollow m the last three of these drawings Dark streaks are shown north , ' + 

of the North Equatorial Belt m Drawings 1, 2, 4, 5, and 6 They were quite a feature of the ^^ eir greatest dlS- 

pianet m 1917 tance from the Sun 
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By permission of] [The British Astronomical Association 

JUPITER IN 1917 

Another series of drawings by members of the Jupiter Section of the British Astronomical 
Association The preceding end of the South Tropical Disturbance is seen m Drawings 3 and 6 
and the following end in Nos 1 and 2 The Red Spot Hollow is shown near the preceding 
limb in Nos 2 (gomg off the disc at preceding limb), 4, 5, and 6 The Red Spot itself is also 
shown lying in its hollow m the last three of these drawings Dark streaks are shown north 
of the North Equatorial Belt m Drawings 1, 2, 4, 5, and 6 They were quite a feature of the 

planet in 1917 
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Drmmgby] \T E R Phillips 

JUPITER, 10H), NOMvMHRR 29, AT 14h GM.T 
Ihis drawing shows the complete disappearance of the southern portion of the South 
Equatorial Belt and the Red Spot Hollow The right-hand portion of the peculiar elongated 
marking in the South Tropical Region is the Red Spot, which became more plainly visible 
as its surroundings faded away 

to-day M a ny c ir c u m s t a n c c b 
agree in suggesting this 
conclusion, and in support- 
ing its actuality, though 
it is not universally ac- 
cepted 

The Jovian Comets are 
of little inclination, their 
aphelion distances agree 
nearly with that of Ju- 
piter’s orbit, and their 
motions are direct In 
fact, if we look at a plan of 
the Solar System which 
includes the known periodi- 
cal comets we cannot but 
receive the decided im- 
pression that Jupiter’s ac- 
tion has been very largely 
responsible for the exten- 
sive family of those re- ***** [r . £ * mthp , 

volvmg in short periods jufiter, 1920 , February 13 , at i2h 40m gmt 

Among those whose par j 1 < ? 20 Tl? aw gTeat revival of the Equatorial Belt, the Red 

^ b , Spot Hollow, and the South Tropical Disturbance The developments about this time were 

persevering study of the startling m their suddenness, and it was difficult to recognise the same features 

surface markings of Tuplter a ter the t !*° or three days only The drawing gives an idea of the number 

° J * °* white and dark spots which marked the restoration of the belt 


nearly corresponds with 
his orbital position, so 
that he sometimes ap- 
proaches quite near cer- 
tain of these bodies, as 
their orbits are of small 
inclination The posi- 
tions and periods of the 
comets of short period in 
the Solar System are sig- 
nificant and eminently 
suggestive that Jupiter 
was mainly and materially 
responsible for their 
present curious distribu- 
tion 

This great orb moving 
around his orbit through 
the ages would naturally 
nearly encounter many 
comets and meteoric sys- 
tems, and by oft-repeated 
action would ultimately 
draw them into the new 
orbits which they pursue 
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has greatly contributed to 
our knowledge during the 
last half century may be 
mentioned A Stanley 
Williams, Schmidt, Pro- 
fessor Hough, Dr Terby, 

Ma]or Molesworth, Gled- 
hill, Rev T E R Phil- 
lips, and many others 
have engaged in the work 
We are now acquainted 
with the general aspect 
of the planet and have 
a good idea of his visible 
phenomena as displayed 
in the markings Moles- 
worth at Ceylon obtained 
tens of thousands of tran- 
sits of these abundant 
features and deduced the 
rates of rotation for some 
hundreds of them of 
different character situ- 
ated in various latitudes 
on the disc Phillips has also devoted himself to the study during a long series of years with an ability 
and devotion only equalled by his success Thus it may safely be said that since the Great Red Spot 
became so prominent about fifty years ago, we have acquired pretty complete and reliable records 

of Jovian objects 

These will be valuable, and especially so at 
a future time, when combined with further data 
of similar kind, for the more advanced investiga- 
tion of Jovian surface phenomena The recur- 
rence of certain spots in particular latitudes 
may be proved and we may find to what extent 
similar rates of motion are repeated Cycles 
of changes may become evident It is only 
by lengthy and continuous effort at succeeding 
oppositions that our knowledge can be much 
enhanced The earlier observers of Jupiter 
apparently did not recognise the necessity of 
thoroughness and frequency m watching the 
very plentiful detail displayed on the disc The 
work is certainly one of great magnitude, and a 
man engaged on this planet must expect that all 
his energies and his whole time will be absorbed 
in the pursuit He will find it possible to take 
more than 100 transits of spots during a single 
night, and that more than 200 different markings 
may claim his attention during one and the 
same opposition 












Drawing by] [TER Phillips 

JUPITER, 1923, MAY 1, AT 12h 30m GM.X 
A portion of tlie Red Spot Hollow is seen on the left , and 
extending from this, across the disc, is the South Tropica] 
Disturbance as a senes of rather faint irregularities Note the 
bnght rift m the North Equatorial Belt 



Drawing by] [TER Phillip > 

JUPITER, 1922, APRIE 4, AT llh 15m GMT 
In the drawing there is a curious dark marking projecting into the Equatorial Zone from 
the northern edge of the South Equatorial Belt, and this marking exhibited an abnormalh 
slow rate of motion for its latitude 
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Drawing by] 


E M Aitiomadt 


JUPITER, 1911, MAY 22, AT lOh 7m GMT 

This’jbeautiful drawing, by one of the most accurate astronomical draftsmen of our time, was made with the aid of the thirty-two- 
and-three-quarter inch telescope of the Meudon Observatory, which is the largest refractor in Europe It gives an excellent 
idea of the general appearance of the planet, as seen m a powerful instrument Tike all other planetary drawings, it is purposely 
executed on a large scale to facilitate reproduction, and it should be viewed from a distance of five or six feet to obtain an idea 
of the approximate apparent si7e of the planet as seen in the telescope 
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■ The two planetary objects 

which are the most diversified 
and attractive for telescopic 
study are Mars and Jupiter 
Mars apparently displays 
lineaments which form the ma- 
terial surface of the planet, 
while Jupiter’s visible features 
are merely atmospheric 

The Satellites of Jupiter — 
The telescope had only been 
recently invented when, m 
January 1610, Galileo dis- 
covered four moons attending 
on the planet This success 
was one of the very first 
achievements obtained by an 
instrument which proved re- 
sponsible m later years for 
nearly all the great advances 
made in Astronomy Its 
J powers have extended the 

Photo] [Lick Observatory r 

jtjpiter, 1891 , October 12 capacity of natural vision a 

This photograph was taken at a time when the Red Spot was far more conspicuous thousand fold and it has 
than it has been m recent years Its redness also caused it to be more prominent ' 

photographically than visually enabled us to perceive myriads 

of objects and phenomena 

which were utterly beyond the scope of the unaided vision Galileo announced his early 
discoveries to a rather sceptical world The newly found moons of Jupiter were disputed, 
and Galileo had some difficulty in getting satisfactory corroboration He lived m an age of 
superstition 

A hst is here given of the mne discovered satellites, and there may be others not yet detected 
The four discovered by Galileo are considerably brighter than the others and are visible m a field-glass 
or small telescope The remainder are qmte m a different class in regard to size and visibility, and their 
observation needs powerful means 


No as 
discovered 

No in 
Distance 
from Jupiter 

Star 

magnitude 

Mean distance 

Period of Sidereal 
Revolution 

Discoverer 

Year 




Miles 

D H M 



! 

V 

1 

13 

112,500 

0 11 57$ 

Barnard 

1892 

I 

2 

64 

261,000 

1 18 27* 

Galileo 

1610 

II 

3 

6* 

415,000 

3 13 13* 

Galileo 

1610 

III 

4 

6 

664,000 

7 3 42* 

Galileo 

1610 

IV 

5 

7 

1,167,000 

16 16 32 

Galileo 

1610 

VI 

6 

14 

7,110,000 

250 14 40 

Pernne 

1904 

VII 

7 

17* 

7,390,000 

260 1 24 

Pernne 

1905 

VIII 

8 

18 

14,940,000 

738 21 36 

Melotte 

1908 

IX 

9 

18* 

14,940,000 

745 0 0 

Nicholson 

1914 


The four satellites discovered by Galileo were named Io, Europa, Ganymede, and Callisto, by Simon 
Manus, who claimed to have independently discovered them m December 1609 at about the same 
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period as Galileo The others have not yet received distinctive names, but aie known by Roman 
numbers applied m the order of their date of discovery Though the ten satellites of Saturn were 
never lacking in titles j-et the Jovian moons have been neglected m this respect This might be 
considered a \ery curious irregularity in astronomical nomenclature, but it is explained by the fact 
that Simon Marius, w ho named four of the satellites, was regarded as a fraudulent claimant to their 
discovery, and it was considered that the adoption of his names might be thought an admission of 
his asserted priority In recent years, however, the names have been coming into such frequent 
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JUPITER IN 1911 


[ Memoirs of B A A 



comSSSi^of Tovian mch refractor of ^ Meudon Observatory, give a good idea of the 
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E E Barnard J [From Mb, R A *» 

TRANSIT OF JUPITER’S FIRST SAITvWlE 
AND ITS SHADOW 

The first and second Satellites appeal as bright 
discs when seen projected against the daihei belts 
of Jupiter With powerful telescopes a white band 
has often been observed crossing the disc of the 
First Satellite, as shown in the lllustiation above 


use that their general adoption appears imminent And 
it will be an innovation of a desired kind when the other 
satellites are dignified by the application of specific titles 
It may be mentioned here as a singular fact that, though 
the four known satellites of Uranus have received names, 
the solitary moon of Neptune is still a nameless orb 

Galileo's moons are to be reckoned among the principal 
objects to be observed by the amateur astronomer They 
provide a number of interesting configurations from night 
to night and their relative positions change from horn to 
hour They are usually placed nearly in a line with the 
directions of the belts and the planet’s equator Sometimes 
three may be on the west side and one on the east , at 
other times the distribution may be equal or possibly 
they may all be placed on one side at the same time One 
or more of them may be eclipsed in the shadow of the 
planet or occulted behind his globe, or in transit across the disc of its pnmai y and situated between the 
Earth and planet On such occasions we may perceive the shadows of the satellites as black spots in 
transit These phenomena are excellently visible with moderate means When a satellite begins its 
transit it is seen on the edge of Jupiter’s disc as a brilliant spot, but it is gradually transformed as it 
moves well on to the disc into a dark spot This applies specially to the third and fourth satellites, 
and is sometimes true of the first satellite, but the second satellite seems to possess greater reflective 
power than the others Its shadow when projected on Jupiter's surface has been stated to be of a 
chocolate colour and is not nearly so black as the other shadows 

The velocity of light was first measured by Romer in 1675 from observations of the eclipses of the 
satellites, for it was found that these phenomena occurred sometimes earlier and sometimes later than 
predicted, the difference being attributable to the varying length of path traversed by the light of the 
satellites, according as the Earth was nearer to or farther from them Romer crioncously deduced a 
value of twenty-two minutes for the extreme difference, and the tiue size of the Earth’s orbit was in 
his time imperfectly known However, his observations and data were sufficient to show that the 
velocity of light was of the order of 200,000 miles per second The true value is now known to be 
186,325 miles per second, and light crosses the Earth’s orbit in sixteen minutes and thirty-seven seconds 
Spots have been observed on some of the satellites, and especially on the third, which is much 

the largest, and has a real 
diameter of about 3,550 miles 
Dawes saw the markings on this 
satellite in 1849, and Lassell and 
others since his time have also 
recognised them Barnard dis- 
covered what appeared to be a 
dark equatorial belt on the fourth 
satellite, and thought it might be 
duple, but this has not been con- 
firmed Oval forms have also 
been attributed to the satellites 
by various observers Innes, 
Phillips and others have made 
observations, especially of the 
third and largest satellite, which 
suggest that, like our Moon, it 
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OBSERVATIONS OF THE THIRD SATEEEITE OF JUPITER 
Probably in consequence of shadings on its surface, the Third Satellite 
Jupiter usually appears slightly elongated In the diagram the direction 
position angle) of the largest diameter is plotted against the place of the 
Satellite m its orbit, reckoned m degrees from superior geocentric conjunction, 
te, when it is behind the planet It will be seen that the changes are 
systematic, from which we may conclude, as has been suggested by Innes and 
others, that, approximately at any rate, the Satellite turns the same face to 
Jupiter as our Moon does to the Earth No elongation is seen between 225 and 300 





ECLIPSES AND TRANSITS OF JUPITER'S SATEWTES 
The orbits of Jupiter’s larger Satellites lie so nearly m the same plane as the Earth’s path round the Sun that most (and often 
all) of them appear to us to pass at each revolution both in front of and behind their primary In the former case thej are 
said to be in “ transit,” and at such tunes each throws a little round black shadow on the bright surface of the planet These 
shadows appear m advance of, close to, or behuid each Satellite, according to the relativ e positions of jthe Sun, Earth, and Jupiter 
When on the other side of Jupiter, the Satellites are plunged into his great cone of shadow and become invisible by eclipse It 
will be seen from the diagram that they ma> also be hidden from us by the body ot Jupiter, though not m his shadow 

The\ are then said to be “ occulted ” 
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rotates on its axis m the same 
time as that m which it revolves 
in its orbit, so that it turns always 
the same face to the planet Oc- 
casionally the four brighter satellites 
have been invisible at the same time, 
being either m transit or hidden in 
eclipse or occultation This was the 
case m November, 1681 , May 23, 

1802 , September 27, 1843 , August 
21, 1867 , and on several subsequent 
dates 

The question as to whether any 
of the satellites can be distinguished 
with the unaided eye has been much 
debated The instances of affirma- 
tive testimony are pretty numerous 
and appear to be rehable, but some 
scepticism still exists on the point 
It is argued that the moons are so 
near to the planet that they are 
involved in has rays, and moreover, 
being of small magnitude, must be overcome by the light of their primary When, howevei, the third 
and fourth satellite are near then elongations and on the same side of the planet, it is sometimes 

possible for a 
keen - sighted 
person to ob- 
tain glimpses 
of them as 
one No doubt 
a few of the 
observers who 
claim to have 
performed the 
feat have been 
victimised by 
illusion or 
imagination, 
but it seems 
quite within 
the powers of 
the human 
eye 


TER Phillips and W H Steavenson] [Journal of B A A 

JUPITER’S THIRD SATEEEITE IN TRANSIT 
Satellites in transit often appear of an abnormal shape, and this *s due to the 
combined effect of markings on their surfaces and the general tone of those 
parts of the planet against which they are seen The transit depicted above 
occurred on 1917, October 1, and the sketches marked 2 and 3 (each by a 
different observer) show the markings on the Satellite responsible for the 
appearances shown m 4, 5, and 6 Sketch No I represents the shadow of 

the Satdlite 


Shadows of the Satellites 



Geocentric position of the 
Satellites 




Shadows of the Satellites 


Geocentric position of the 
Satellites 







TRANSITS OF SATEEEITES AND THEIR SHADOWS, 1867, AUGUST 21 ( Tempel ) 
when, as sometimes happens, more than one satellite is seen in transit at one time, a very striking 
spectacle is afforded The shadows are always prominent, though of slightly differing size and sharpness, 
but the satellites themselves are not always easily distinguished Apart from their real differences of 
surface brightness, thev are affected m their appearance by contrast with the portion of the planet (light 

or dusky) against which they are seen 
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SATURN 


By P H Hepburn, LL B , F R A S 


Passing beyond Jupiter, the next planet in order from the Sun, and at nearly twice the distance, 
is Saturn This is the most distant of those planets that are readily visible to the naked eye, and 
(as a rule) the faintest in lustre, besides being the slowest m apparent as well as real movement round 
the Sun Jupiter takes nearly twelve years to complete its circuit of the heavens , Saturn nearly 
thirty 

The ancients recognised that Saturn was the most distant planet known to them They endowed 
him, in the jargon of Astrology, with the attributes we still speak of as “ Saturnine ” , dul nes s, sluggish- 
ness and morose malevolence For his symbol they chose the lustreless and heavy metal lead The 



From "iatum and Us i ystam," by R A Rromr\ [Iiy „ md p „ m5stm of Messrs chalt0 & Windu , 

SATURN AND ITS SYSTEM 

£ P £ er part . of t ' us diagtam shows an imaginary telescopic view of the planet, with its rings and the eight intiw satellites 

th , e ““ nbei ? m ^ mar gm The lower part shows the rings and satellite orbits to scale The 
xiaanes of the satellites and their distances from Saturn m miles are as follows — 

1 Mimas 117, 00° 2 Enceladus 157,000 3 Tethys 186,000 4 done 238,000 

3 * hea 33i,,000 6 Titan 771,000 7 Hyperion 934,000 8 Xapetus 2,225,000 

The distance of the ninth satellite “ Phoebe ” is 8,090,000 miles 


contrast with the reality is striking Far from being heavy and leadhke, Saturn is the lightest in 
substance among the plahets Instead of sluggishness being his attribute, we find his surface conditions 
even more turbulent than those of Jupiter, while the telescope discloses this dull and lustreless planet 
as perhaps the most purely beautiful object in inanimate nature 

In many respects Saturn presents well marked analogies to Jupiter In each case we have a vast 
globe, flattened at the poles, and m very rapid rotation Saturn is but little less in diameter than 
Jupiter, and somewhat more bulging at the equator Jupiter has a large family of satellites, so has 
Saturn So far, the planets are alike , now we come to the great point of difference In the case of 
Saturn we have also to contemplate the mysterious and beautiful nng system, which has no analogue 




Mars Earth Venus Mercury 123456 78 

From “ Saturn and its System ” by R A Proctor] [By kind permission of Messrs Chatto & W indus 

SATURN AND ITS RINGS 


Three ideal views of Saturn as seen in a very powerful telescope, at the phases of minnnum and maximum opening of the 
rings, and an intermediate phase The inclination of Saturn’s axis to its orbit plane is 26° 49' 5, but owing to the inclination of 
the planet’s orbit to the ecliptic the inclination of the planet’s axis as seen from the Barth is sometimes as much as 27° 13' 
This is the position shown in the lower diagram Encke’s Division m ring A is not usually seen as such a hard line as here 
represented The reality of the Divisions shown between rings B and C and in ring C is very dubious Below are shown the 
relative sizes of Mars, the Earth, Venus and Mercury on the left, and, conjectural dimensions of the satellites on the right 
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in the system of Jupiter, and indeed is absolutely unique so far as our limited knowledge extends 
A good deal of what we have been told about Jupiter and his satellites is probably applicable to 
Saturn, and we may infer from the analogy of Jupiter much that we cannot observe We may, 
therefore, in dealing with the globe and satellites content ourselves for the most part with pointing 
out such differences as we can perceive, dealing more fully with the planet’s unique appendage 
If we compare Saturn with the Earth, we find a curious numerical coincidence which is quite 
accidental, but may perhaps be mentioned as an aid to memory In round figures, the distance of 
Saturn from the Sun is nine and a half times the Earth’s, his mean diameter is a little less than nine 
and a half times the Earth’s and his mass ninety-five times the Earth’s 



8*1 URN AND THE EAR 1 H REEAIIVK DIMENSIONS 
J rc th c c apprimmati dimensions -Globe of Saturn Equatorial diameter, 75,100 miles , Polar diameter, 
m,i« n ‘ \ Sl °, vc ^ aU s l ,an of 109 ' 0,l ° m ‘les , breadth of separate rings'- A, 10,100 miles , B, 10,500 

88M’nulJ’ 8 °TW C fi b DlvIS ‘ ou , is i ab ° ut 1,700 B1,les 111 Wldth and the gap between the planet and ring C about 

8,800 miles Ihcsc dimensions correspond to the measures used in the ephemendes Cissini’s Division and ring C are 

probably somewhat wider than as stated 


The relation between the figures for diameter and mass brings us to the most striking physical 
characteristic of the planet, the exceeding lightness of his substance. For if the diameter of Saturn 
were exactly nine and a half times the Earth’s, the volume of Saturn would be 850 times the' Earth’s 
(the actual figure is about 760 times) and if the two planets were made of matter of the same density, 
the mass as well as the volume of Saturn would exceed the Earth’s in the same proportion But the 
mass of Saturn is only ninety-five times that of the Earth instead of 760 times, so that the stuff of which 
Saturn is made is only about one-eighth as dense as the Earth’s substance 
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Drawing by] | Rev TER Phillips 

SATURN, JANUARY, 1911 

This drawing shows Encke’s Division among other features The author remarks of it “ It was never dark like Cassini’s 
Division, |&ut appeared like a delicate pencil shading I do not think this feature is illusory, though it is evidently not a real 
division and is probably inconstant ” The shadow of the outer edge of ring A is seen on the ball 

Saturn is, in fact, about thirty per cent lighter than water, and indeed it is lighter than any known 
solid except the rare metal lithium Of ordinary earth-stuff we find nothing that is so light as Saturn, 
not even the spongy rock called pumice which floats on water The only familiar solid inorganic 
substance that is less dense than the substance of Saturn is new-fallen, unpacked snow, and a snowball 
riot too tightly squeezed might be made to approximate pretty closely to the average consistency of 
this planet We speak of “ average consistency/’ but it must not be forgotten that the stuff deep 
down m Saturn must be considerably denser than his average which makes the density near his visible 
surface so much the less 

This state of thmgs presents a great puzzle Of what sort of stuff can Saturn be made ? No really 
satisfactory answer has ever been given to this question, which indeed has hardly been seriously 
tackled The most generally accepted explanation is that in great part, at all events, Saturn is not 
solid at all, but a heated mass of gas On this hypothesis the planet is, m fact, sunlike, though not so 
fiercely hot as the Sun, and what we see is the upper surface of the non-luminous vapours floating 
above the incandescent gaseous interior The behaviour of the satellites lends support to the suggestion 
that a considerable part of the mass of Saturn is strongly condensed towards his centre If this is the 
true explanation, we would like to know, m addition, why Saturn is so considerably lighter, bulk for 
bulk, than Jupiter, to whom similar considerations must be supposed to apply Jupiter is twice as 
dense as Saturn 

The relation between speed of rotation and equatorial bulge is significant in this connection Other 
thmgs being equal, the faster a planet rotates the greater will be the bulge Now Jupiter, with a diameter 
of 88,700 miles, rotates in about nine hours fifty minutes Saturn, with a diameter of 75,100 miles, in 
about ten hours fifteen minutes So that the equatorial speed of rotation of Jupiter is over 28,300 
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miles an hour, that of Saturn only 22,000 miles an hour And yet the equatorial bulge, the fraction 
of itself by which the equatorial exceeds the polar diameter, is one-fifteenth in the case of Jupiter, 
it is one-tenth, i e , fifty per cent more, in the case of Saturn 

In contradiction to the heat hypothesis, it has been recently suggested on physical grounds that 
Saturn, Jupiter and the other outer planets must be colder than the interior planets, and if this is so, 
the matter is more mysterious than ever Some evidence that the real globe of Saturn is smaller than 
we see and that he is surrounded by a very deep atmosphere may perhaps be found m recent obser- 
vations by Instructor Captain Ainshe and Mr Knight of the passage of Saturn over a star Both 
the disappearance of the star behind the limb of the planet and its subsequent re-appearance were slow 
and gradual, and took a length of time estimated in minutes, instead of being instantaneous as we 
should expect We should, however, perhaps be wrong to attach too much importance to this 
observation 

Whether Saturn has a solid surface or not, it is certain that what we see is not solid, but the upper 
surface of clouds of some sort — either floating in the planet’s atmosphere or supported by radiant 
forces due to internal heat We need not, however, suppose that these clouds are necessarily formed 
of water or ice, as are the clouds that float in our own atmosphere As in the case of Jupiter, this visible 
surface is diversified by shifting belts and occasionally by spots Since, however, Saturn, owing to his 
greater distance from the Sun, is much less strongly illuminated than Jupiter, and owing to his greater 
distance from the Earth is seen on a considerably smaller scale, very little detail can be made out 
beyond the broadest general outlines In fact, on only about half a dozen occasions have spots been 
seen which could be " held ” by observers of ordinary acuteness of vision so as to enable the rotation 
period of the planet to be determined 

The first such observation was made by Herschel in 1793, and from it he deduced a rotation period 
of ten hours sixteen minutes, showing a velocity of rotation not quite so rapid as Jupiter’s Subse- 
quent observations of a similar nature indicate that as in the case of Jupiter (and also of the Sun) 



By permission of R A S] 


SATURN, JTJ1V 2, 1894 


[E 


E Barnard 


A drawing made at the great telescope of the X<ick Observatory The observer remarks — 4t I have only drawn what I have seen 
with certainty It is true the picture appears abnormally devoid of details when compared with drawings made with some of 
the smaller telescopes I am satisfied, however, to let it remain so ” 
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there are different rates of rotation in different latitudes These differences are m Saturn’s case even 
more marked than m Jupiter’s, implying surface currents of something like 900 miles an hour At 
Saturn s great distance from the Sun, it is very difficult to see how the solar energy can be sufficient 

to create these great movements, and we seem driven again to the hypothesis ot internal heat to 
explain them 

P m tUreS i° f S ^ Um ° ften ShOW m0re dlversit y of marking than the description we have given aboie 
would imply We must remember, however, that the detail shown in these pictures is, generally 
speaking, only glimpsed at moments of the most perfect seeing, and then only by exceptionally keen- 
eyed observers In attempting to draw such detail it is necessary to exaggerate contrast very greatly 

I hC C f°r Sh ° Wn m lIlu u stratlons ot Saturn ar e often but little exaggerated There are moments, 
though they are rare, when the delicate tints of Saturn present a spectacle of amazing beauty 



SATURN, JUUY 7, 1898 " ” arna ™ 

seen'the planet 1 UeUer, m nOT U have\ < ^seMi I so S mu^. e (^tan 1 upo^t S before" ln< Th^ raC ^ 0r “ * *ve n«u 

Division is usually shown ” This drawing (like the last) is of great value a dusk> shadmg where Endec's 


The satellites of Saturn form a system not less interesting than Jupiter’s Tupiter has four larve 
sateUites, one small and four which we may call minute In Saturn’s case, we have three compaLbk 
th Jupiter s greater satellites , namely Titan, which is considerably larger than our Moon and 
Rhea and Iapetus, each of which may be about a thousand miles in diameter We have next a series 
of five of what we may call moderate size, ranging from 800 or 900 miles to 200 or less Then we know 
of one very distant minute satellite of the same order of size as the four outer satellites of Jupiter 
his body to which the name Phoebe ” has been given, was observed by W H Pickering (on a 
p o ograph) m 1898 It is computed to be about fifty miles in diameter If Saturn were no ffirther 
off than Jupiter, we should doubtless be able to see more of these little bodies Indeed the discovery 
of another one was actually announced by Pickering soon after that of Phoebe, but its existence has 
not been satisfactorily confirmed Except in the case of Titan, the dimensions we have given for 
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AN EARI^Y DRAWING OF SA1URNT 
This sketch of Cassini’s, which is dated 107b, 
is of interest as being the lirst published 
drawing which shows the gicat “ Division ” 
m the ring 


the satellites are highly conjectural, as owing to their great 
distance they are too small for direct measurement 

When the motion of Phoebe was studied by its discoverer, 
a surprise developed He found that this motion was 
“ retrograde,” and thciefore in contrary direction to those of 
the inner satellites and of the planet’s own rotation A 
similar state of things exists with regard to the outermost 
satellites of Jupiter, but they were not discovered until later 
It is curious that Saturn, whose rings furnished a hint which 
probably had a great deal to do with the formation of Laplace’s 
celebrated “ Nebular Hypothesis,” should be the first planet 
to deal a shrewd blow to that hypothesis by exhibiting 
contrary motions of re\olution m one and the same system 

From the regular \anations of light of some, if not all, of the satellites of Saturn, it is believed that 
they always turn the same face to their primary, as does our own Moon This is very noticeable in the 
case of Iapetus, the outermost of the eight large satellites, so noticeable that Huyghens, by whom this 
satellite was discovered in 1671, was even at that early date able to observe the fact and to suggest the 
reason There is reason to believe that some of the smaller satellites of Saturn, or at any rate Mimas 
the nearest, are even lighter m substance than the planet itself They are also remarkable for their 
high “ albedo ” or whiteness (see page 104) which would seem to be comparable with that of snow 
Owing to their small size, we cannot, as m the case of the planet itself, suppose that they are expanded 
by internal heat, or that they aie cloud covered — bodies so small could not retain atmospheres It 
appears to the present writer, as a possibility worth consideration, that these satellites maybe composed 
of ice, or perhaps to some extent of loosely packed snow or some similar substance It seems the only 
way of accounting for their lightness and whiteness 

Let us now pass to consideration of the wonderful ring system which is the distinguishing feature 
of this planet The general aspect is probably familiar to everyone, whether he has looked through 
a telescope or not A small telescope shows Saturn encircled by “ a flat ring nowhere touching the 
planet,” to use the words of 
Huyghens, who fii st observed the 
true nature of this appendage 
A good three-inch telescope 
shows in addition a fine black 
line traced round the surface of 
the ring, suggesting that there 
are, in fact, not one but two 
rings, one within the other 
Cassini m the Seventeenth C en- 
tury was the first to call atten- 
tion to this line and it is called, 
after him “ Cassini’s Division ” 

A similar line can be seen when 
the other face of the ring is 
turned toward us, but it was left 
to Herschel more than 100 years 
after the discovery to establish 
by exact measurement that the 
two lines are really one, and, 
in fact, represent a real division 
andnot merely surface markings 




GAUIyEO’S FIRST VIEW OF SATURN 
'I he upper part of this diagram shows roughly the aspect of Saturn in 1610 Galileo’s 
telescope was sufficiently powerful to show the broad extremities of the ring ellipse 
but not the narrow parts nearer the planet His interpretation of what he saw a 
triple pi met— is shown beneath 
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A more powerful telescope shows us clearly that the two rings (usually called “ A ” and “ B ” 
A being the exterior of the two) are not uniform in brightness , B is brighter than A and the 
outer region of B (which is the brightest portion of the Saturnian system) is brighter than the inner 
region It also shows us another marvel Within ring B is a third ring of fairyhke delicacy and 
transparent, so that the edge of the planet can be seen through it It is beautifullyrepresented m t h e 
i ustration on page 362 It is called ring C, or, from its filmy transparency, the “ crape ring ” 
This nng is easy to see m quite small telescopes as a dark shading where it crosses the planet, and is 
in fact, clearly shown in some of Herschel’s drawings The German astronomer Galle was the first to 
recognise this nng m 1838, but his observation very curiously remained unnoticed and the discovery 

Th H + raPC “ SUCh 1S usuaUy att nbuted to the Amencan Bond' and our own Dawes in 1850 
The history of this ring is a cunous example of how a phenomenon may stare astronomers m the face 
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By permission of R A S ] [EM Antomadt 

SATURN, JUNE AND JUEY, 1899 

Showing the rings at their greatest opening Besides Encke’s Division m ring A a well marked “ division ” was observed 
in ring B Both “ divisions ” are drawn as line lines, but as in the case of the canals of Mars, some doubt may be felt as to 
whether these objects are really of this nature The drawing shows irregularities (rarely observed) in ring A 

and yet remain undetected In the winter of 1907-1908 certain observers thought that they had 
detected a very faint dusky ring exterior to ring A, but its actual existence cannot be considered as 
established 

Cassini’s Division is always obvious and its nature is undoubted Other similar markings have 
occasionally been observed m all the rings, some of which possibly represent real, though not necessarily 
permanent, divisions The least difficult of these and the one most often perceived is “ Encke’s ” 
Division, m ring A It may be, however, that the so-called division is really a mere difference of 
shade as it appears in some of our illustrations We have already seen, when dealing with Mars, that 
what to some eyes appears to be the boundary of a shading, is seen by others as a fine line Some of the 
keenest-sighted astronomers, using instruments of every size up to the most powerful refractors in 
existence, have but seldom perceived more than a doubtful indication of Encke’s Division 

Before we pass to the question of the physical constitution of the nng system, it will be useful to 
consider for a moment its changes of aspect Ever since telescopic observation of Saturn began, the 
planet has been m the habit of springing surprises on astronomers The first observer, Galileo, found 
that the planet seemed to be triple — a big globe m the middle and what looked like a little globe on 
each side This astonished him, and he was still more astonished rather more than a year later, when 
he looked at the planet again and found that the two smaller globes had vanished ” Has Saturn then,” 
he said, “ devoured his own children? ” 

To understand what has happened it is well to make a rough model (see page 366) which may 
be done as follows — 

Cut out a circular piece of stiff cardboard six inches m diameter Spear it on the small blade of a 
pocket kmfe wedged open to an angle of about twenty-seven degrees Open the other blade fully and 
stick it vertically in a block of wood, which prop up on a table m the middle of the room until it 1 $ at 
the same level as the eye Find the position where the cardboard disc is seen exactly edgewise as in (1) , 
then on proceeding round the room, still keeping the eye at the same level, the disc will be seen m 
the several positions (2), (3), (4) and so on, until we return to (1) 
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During half this circuit, we shall see the top side of the disc, say the north side, and during the 
other half, the under, or south side At two positions the disc will be seen edgewise and if it were very 
thin, it would vanish At two others, it will be seen at maximum opening 

Of course, in reality, the observer does not go round Saturn , Saturn goes round the observer But 
the result is precisely the same, m either case, and it is easier to walk round the model than to cause 
the model to walk round us 

A more elaborate but even more instructive model may be made with a tennis ball, three knitting 
needles and a cardboard ring The ring should be cut out to scale with the ball according to the dimen- 
sions given later By treating this model in the same way as we did the disc, we shall reproduce the 
actual phases of the planet as illustrated on page 103 



MODEI, TO SHOW THE PHASES OF THE RING uepourK 

on page 103 


Now we can see what puzzled Gahleo When he looked first, the phase of ring w'as as m the upper 
part of the diagram on page 364 which his imperfect telescope showed as m the lower part of the 
same diagram On the second occasion the ring was viewed nearly edgeways, and being very thin he 
could not see it at all Since the period of revolution of Saturn is nearly thirty years the ring is viewed 
edgeways at intervals of fourteen or fifteen years The last occasion was the winter of 1920-1921 

ow the ring is so exceedingly thin and so exceedingly flat that for a short time about these periods 
of disappearance " no telescope will show it This is a very striking circumstance when we consider 
its vast dimensions Its span is roughly 170,000 miles, and its breadth from the outer edge of ring 
A to the inner edge of ring C 38,000 miles, and yet its thickness can hardly exceed fifty miles 
and may be very considerably less 
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For some 200 years after its disco\er}, the ring system 
was generally supposed to be a continuous sheet of solid 
matter , though as early as the beginning of the Eighteenth 
Century, it was suggested that it might be a cloud of small 
bodies About the end of the Eighteenth Century, the 
gieat mathematician Laplace investigated the problem of 
the stability of solid rings encircling a planet He found, 
firstly, that a ring, if it is to persist, without falling in on to 
the planet, must be in rotation round it Secondly, that 
the breadth of such a ring, if it is not to be disrupted under 
the strains to which it is subject, must be very narrow 
The two rings of which at that time Saturn’s appendage 
appeared to be composed were much too broad for his theory 
Therefore he supposed that they must each be made up of 
a large number of thinner rings separated by divisions 
analogous to Cassini’s Division, but too narrow to be per- 
ceived by the telescopes of his day He further suggested 
that even such narrow rotating rings would be disrupted 
unless they were eccentncally placed with regard to the 
planet and also unequally weighted in different parts of 
their circumference This very artificial theoretical system 
held the field for over fifty years Doubtless it derived some 
support from the observation from time to time of real or 
supposed divisions m the two main rings 

Pierce, an American mathematician, then showed that 
the rings must be very considerably narrower than Laplace 
required A little later, m 1857, the English mathematician, 

Clerk Maxwell, took up the whole investigation 
afresh He proved conclusively that any con- 
tinuous solid rings, however narrow, would go 
to pieces and that it would not help if the 
rings were fluid, for they, too, would be unstable 
No alternative was left but to discaul altogether 
the idea that the rings were continuous sheets of 
matter They could only be flights of small 
bodies, so small as not to be broken up under 
the strains to which they art subjected on account 
of their nearness to the planet 

We know as the result of these investigations 
that the rings of Saturn are made up of dis- 
continuous small particles We do not know 
certainly the size of these particles except that 
they are very much smaller than the bodies 
we usually speak of as “ satellites " There are, 
however, reasons for believing that they are 
very small indeed, perhaps not larger than the 
microscopical particles or droplets of which 
terrestrial clouds are made It has even been 
suggested that the rings may not be composed 
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PHOTOGRAPH OF SATURN NOVEMBER 19, 1911 
The first really good photograph of the planet, taken with the 
sixty-mch Mt Wilson reflector Four exposures, each of about 
ten to twelve seconds, appear on the same plate This illustra- 
tion should be compared with the enlarged copy on the succeed- 
ing page It may also be compared with Mr Phillips’ drawing 
(page 360) made m January of the same year 



SP1 C1KOSCOPIC PROOF OF THE 
ROTATION OF TIIE RING 
Diagram indicating the nature of the spectro- 
scopic prool both that the ling lotatos and that 
it does not rotate as a solid ring but as a cloud of 
separate bodies If the ring <licl not rotate the 
lines a b and c d would not be inclined If the 
rings rotated m one piece, so that the velocity 
diminished iiom the outside edge, mwaulb, the 
inclination ot the lines a b and c d would be m 
the same direction as that of the line A IJ 
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ENLARGED DRAWING OF SATURN FROM fiROFESSOR BARNARD’S PHOTOGRAPH OF NOVEMBER 19, 1911 
This drawing enables the features shown in the photograph on the preceding page to be studied more conveniently The 
crape ring is clearly visible where it crosses the planet, but is too famt to show in the space on each side of the ball tS 
outline of the globe is visible through ring A No shadows appear since the planet was within ten days of opposition 


of ordinary atomic matter at all, but that they are a film of “ ionised molecules,” analogous perhaps 
to the streams of electrons beheved to be shot out from the Sun, but this is perhaps going a little 
too far 

Whatever their size, each such particle must be thought of as revolving round Saturn as an indepen- 
dent minute satellite, at the proper rate corresponding to its distance from the centre of the mass of 
the planet There is, however, a point about minute bodies that must not be forgotten They would 
not move precisely like the comparatively heavy numbers of the Solar System with which we are more 
familiar, under the law of gravitation alone, but they would also be subject to forces arising from 
radiation pressure which in the case of such bodies might possibly produce more powerful effects than 
gravitation 

That the particles forming the nng revolve round Saturn is certain, but such revolution cannot be 
visually observed, since the rings present no irregularities that can be followed with the telescope It is 
true that Herschel thought he had detected a bright point in the ring which appeared first on one side 
of the planet and then on the other, and he deduced from it a rotation period of ten hours thirty-two 
minutes, which corresponds to the gravitational period of revolution of a particle near the outer edge 
of nng B It is probable, however, that what he saw was a certain optical phenomenon which has often 
since been observed, and which is not attnbutable to rotation of the ring The fact not only of rotation, 
but of differential rates of rotation such as are required by gravitational theory has, however, been 
beautifully confirmed by spectroscopic observations dependent on the “ Doppler ” principle, explained 
at page 65 

Besides the dynamical proof that the rings are not continuous but are made up of small bodies, 
their insubstantial nature appears from other considerations In the first place, they have no appre- 
ciable mass— Hermann Struve, the Russian astronomer, found as the result of his long investigation of 
the motions of the satellites, completed some thirty years ago, that if the mass of the rings was as large 
as one-twenty-seven-thousandth of the mass of Saturn, its effect would be apparent in disturbance of 

such motions This is an outside limit , the real mass of the nngs is probably very much less than the 
figure stated 

Again, it has already been mentioned that the inner nng C is transparent, and recent obser- 
vations have shown that this applies to the two outer nngs also, though in a less marked degree Near 



This JUHlhK AS SUN hROM ONE OF ITb MOONS 

wlute iMTY^r! S attempt to depict Jupitei is it would be su.11 fiom one of its moie distant satellites and is of course imaginary The 
Jupiter than ?<= n tlle ri ^ llt m#liy 1,1 tikui to be Satellite III which owing to its comparative pioximity would appeal larger relatively to 
Satellite TV S u CU * loni thc c uth The lound black spot neat it is its shadow We may suppose the large giey spot further to the left lobe 
The artist v, Jo mc !L ,,: \ ^OH^quenet of its low ilbedo usually ippcars \ery cUi k when seen against the bright background of the planet s surface 
* nas su 8 gestcd an atmosphere sunoundmg it but it is doubtful whether one of any appreciable density exists. (See Chapter VIII ) 
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the times when the plane of the ring passes through the Earth and the ring is therefore seen edgeways, 
there is an interval, usually of some weeks, before the plane passes between the Earth and the Sun 
(The passages of the plane through Earth and Sun are not simultaneous owing to the fact that the orbit 
plane of Saturn is slightly inclined to that of the Earth ) When this happens, one face of the ring is 
illuminated by the Sun while the other face is presented to the Earth At such times the ring does not 
become invisible, but can be dimly seen by sunlight which has penetrated through it, notwithstanding 
that the illumination is very oblique, so that the rays of sunlight illuminating the underside of the 
ring have penetrated through a depth of ring substance equal to twenty or thirty times the thickness 
of its cross section 

On several photographs of Saturn made in recent years the globe of the planet can be perceived 
through the outer ring This was first perceived in the photograph (taken in 1911 by the late Professor 
Barnard with the si\ty-inch reflect 01 at Mount Wilson) which figures as one of our illustrations, and of 
which the drawing on page 368 is an enlarged copy On two recent occasions when Saturn in his motion 
has “ occulted ” or passed m front of faint telescopic stars, such stars have been seen shining through the 
substance of the rings On the earlier occasion (February 9, 1917) the star escaped occultation by 
ring B, but was clearly seen shining through ring A On the second occasion (March 14, 1920) 
three observers watching the planet together, perceived the star to remain shining with comparatively 
little diminution of lustre, not only through ring A but through the densest part of ring B 
The fact is the more remarkable if we bear m mind that owing to the very oblique presentation of the 
ring at the date of the observation, the ray of light from the star had to pass through a depth of ring 
matter equal to about eight times the thickness of its cross section 

A very remarkable fact about the ring is the high* albedo or reflecting power of its brighter 



TWO VIEWS OP SATURN 

Saturn as viewed in a telescope of medium power about the time of the “ disappearance ” of the rings In the left hand 
drawing the illuminated surface of the rings is turned slightly towards the Earth , in the other the dark surface is turned 
towards the Earth and the ring is invisible In both views the shadow of the whole of the ring system can be seen 
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regions (see the discussion of albedo 
on pages 104, 107) We read m those 
pages that the average albedo of 
Saturn is very high Naturally, the 
albedo of the brightest regions of 
Saturn is higher still But the 
brightest regions of the nng are 
brighter than the brightest regions of 
Saturn It is generally assumed 
that the rings are composed of 
meteoric matter, but whiteness such 
as this seems to the present writer 
to be inconsistent with this suppo- 
sition Such meteoric matter as 
comes our way is usually very dark 
m colour Something dazzlmgly 
white is required, and, though there 
are difficulties, the writer would 
suggest that the nng may perhaps be of analogous constitution to that of the high filmy clouds 
composed of minute ice crystals which we call cirrus or “ Mare's Tails ” We cannot, of course, 
v ^ink of such clouds as floating in an atmosphere, like our terrestrial clouds, but must suppose each 
separate minute particle to be pursuing an orbit m space round the planet like any ordinary satellite 
Viewing the ring as made up of mynads of small bodies pursuing their several orbits round Saturn, 
we may find a possible reason for the existence of Cassini's Division, and perhaps also for some of 
the other divisions already mentioned The zone of asteroids lying between Jupiter and Mars 
has, as we have already been told, certain gaps which are devoid of these small planets It was shown 
by Kirkwood that these gaps correspond to distances from the Sun at which a planet would have a 

period of revolution bearing a 
definite simple proportion to the 
period of Jupiter, for instance one- 
half of Jupiter’s period, or two- 
thirds 

The idea is that planets whose 
periods bear such relations to that 
of Jupiter would at frequently 
recurring intervals m the same part 
of their orbit, be at their nearest 
points to Jupiter and so would get 
a constantly recurring push in one 
particular direction The case is 
analogous to that of a swing If 
we give a comparatively slight push 
to a swing at a particular point of its 
rhythmical 41 orbit ” every time it 
gets to that point, we soon set up 
with very slight effort a very 
considerable alteration in the motion 
of the swing 

Now it is found that Cassini's 
Division is at a distance from Saturn 



SATURN NEAR THE DATE OP “ DISAPPEARANCE ” OF THE RINGS 
Drawing made at the Greenwich twenty-eight-inch refractor on November 16 
1920, about nine days after the plane of the rmg passed through the Earth The 
unillummated face of the nng is presented to the Earth and is seen faintly bv 
sunlight penetrating through* the rmg Dr Steavenson says — “ It has been 
impossible to reproduce exactly the delicacy of the shadings m the rings , the 
contrasts are necessarily much exaggerated ” 
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By permission of R A S ] [Eiger 

OUTLINE OF THE PlyANET’S SHADOW ON RING 
Portions of the three rings are shown where they pass behind the limb of 
the planet The “ peaks ” in the shadow at the edge of the rings are 
illustrations of the optical phenomenon known as “ the black drop ” The 
narrowness of the shadow at the brightest parts of the rings is due to 
“ irradiation ” Probably all these phenomen i are of the nature of optical 

illusions 
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where the period of a particle would be exactly one-half that of Mimas and it happens also that relations 
of a similar character with the periods of certain of the other satellites, are also found near this distance 
The theory is that any particle that happened to be in" that place, or that managed somehow to 
get there, could not stay there but would be pushed either inwards or outwards There would result 
therefore a space which was continually being swept clear of particles The theory is attractive, but 
the problem of motion ot 
bodies under such circumstances 
is exceedingly complicated and 
“ Kirkwood’s Law ” as applied 
to the ring system ot Saturn 
cannot be said to be definitely 
established as a complete or 
sufficient explanation of the 
phenomena Other dynamical 
hypotheses have recently been 
advanced to account for the 
same phenomena 

If we look at any of the 
illustrations of Saturn, we shall 
see that the planet casts its 
shadow on the ring and some 
of them show the shadow cast 
by the ring on the planet 
These shadows greatly add to 
the,beauty of the planet as seen 
in the telescope Since the 
Earth is never very far out 
ot the line joining the vSun and 
Saturn, these shadows are, 
generally speaking, almost en- 
tirely hidden by the object 
casting them We are, how- 
ever, usually in a position to 
see one edge or the other of the 
shadow of the ball on the ring, 
and it is so seen in all but one 
of our illustrations The out- 
line of this shadow often shows 
curious irregularities, which have 
been considered by some to 
indicate that the surface of the 
rings is not flat It is probable, 
however, that these irregu- 
larities are not real and that they 
can be explained as optical 

effects due to the differences m Saturn nexr ihe date of “disappearance” of the rings 



brightness of the different re- 
gions of the ring and of the 
limb of the planet Even the 
photographic plate is not 


Drawing made at the Yerkes telescope November 25, 1907, the unillummated face 
of the ring being presented to the Earth Two bright patches (seen also m Dr 
Steavcnson’s drawing) appear on each side of the planet The lower diagram shows 
that these patches correspond in position with the Cassmi Division and the crape 
ring They are probably due to the bright lllupmation of particles lying m or near 
to these thin places m the ring system 
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immune from these illusive effects It will be noticed from a study of Professor Barnard's photograph 
and the drawing made from it that there seems to be a peaked shadow visible on both sides of the 
planet at once which is, of course, geometrically impossible This photographic effect is not difficult 
of explanation, and it is indeed quite analogous to the similar effect produced on the eyt 

With regard to the ring shadow, we would expect to see sometimes that of the outer edge of the 
system, and sometimes that of the inner edge As a matter of fact, it is as a rule only the former, 
the shadow of the outer edge of ring A, that we see That of the inner edge of ring B, when one 

might expect it to be visible, is confused 
with the trace of the crape ring across the 
planet The crape ring itself casts no per- 
ceptible shadow The fact that the shadow 
of ring A when visible appears black may be 
thought inconsistent with what has been 
stated about the diaphanous nature of the 
rings — but there is no doubt as to the latter 
fact, and the blackness of the shadow must 
be attributed to contrast *At certain times 
near the “ disappearance ” of the rings, when 
they are seen edgewise, the shadow of the 
whole ring system can be seen clear of the 
ring itself, crossing the planet near its 
equator as a fine black line 

Over large regions of the planet the Sun 
suffers eclipse by the ring foi months 01 
even years at a time and some commiseration 
has been wasted on the non-existent inhabi- 
tants of the probably non-existent solid 
surface of Saturn who may be supposed to 
dwell in those regions Owing to the tians- 
parency of the rings, it seems, however, 
that the Sun would shine thiough the 
densest part of the system with but little 
diminution of light 

Why has Saturn a ring, alone among the 
heavenly bodies within reach of our tele- 
scopes ? Here is another question to which 
no answer m the least satisfactory has ewer 
been given It was shown about the yeai 
1848 by Roche, a French mathematical 
professor, that within a certain distance from 
any planet (which distanct in the case ot 
Saturn, corresponds pretty nearly to the 
outside circumference of the ring system) no 
considerable satellite can exist, because it 
must be disrupted by the strains to which it is subjected But this negative fact gets us no nearer 
to the answer to the positive question Why, in the case of Saturn, is the space that no satellite can 
occupy, filled by a ring ? 

Perhaps the phenomenon may not be so rare as it seems to us After all, we only know of four 
bodies (Saturn included) which have physical characteristics in the least like those of the ringed 
planet Jupiter, Saturn, Uranus, and Neptune form a class by themselves for size, lightness of texture. 



By hind permission of Y' [The “ Observatory Magazine ” 

PROFESSOR E E BARNARD 
A great planetary observer, besides having carried out magnificent 
piactical work in other fields of astronomy His principal visual 
observations were made with the world’s greatest lefi actors, the 
thirty six-inch at Rick and the forty inch at Yeikes Man\ ot 
the illustrations of this work are copies of his photographs 01 
drawings He died February 6, 192 i 



THE RING AS SEEN FROM SATURN 

Two imaginary views of the rings as they would appear from the surface of Saturn, about midnight, at different seasons 
The upper drawing corresponds with the season shown on the bird’s eye view (see page 375) The surface of Saturn is 
represented as a sue of clouds From large polar zones of Saturn no part of the ring system can ever be seen Probably, if we 
could transport ourselves to the view point of these sketches, the outlines of the ring would be nothing like so hard as they are 

here represented 
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and rapid rotation Compared with 
the other members of the Solar 
System they are swollen bladders 
The satellites of these planets, too, 
seem to be made of something 
different from earth stuff, they are 
abnormally white and abnormally 
light of substance Planets and 
satellites alike present seeming 
paradoxes — the ring that one of 
them has is hardly a greater 
paradox We can see millions of 
stars, hundreds of thousands of 
nebulae, hundreds of small planets, 
but only four bodies like Saturn 
and, except in the possible case of 
an extra Neptunian planet, it does 
not seem very likely that we ever 
shall see any more One cannot 
but feel that a satisfactory physical 
theory that would account for the 
peculiarities of Saturn and his 
satellites and particularly foi his 
ring would be a great step towards 
the understanding of the cosmo- 
gony and course of evolution of 
the Solar System 



BIRD’S F,YI$ VI w OP SATURN AND RINGS 
A view of the planet and ring system as seen from a point immediately over one 
of its poles The shadow of the planet on the ring is delineated as it would appear 
about a vear be Lore or after the summer solstice of the liemispheie shown, 
the ring as seen from the Karth being ncculy at its maximum opening 


CHAPTER IX 

THE FRONTIERS OF THE SOLAR SYSTEM 

By Rfv T E R Phillips, M A , F R A S 

D OWN to the latter part of the Eighteenth Century Saturn was supposed to be the most distant 
of the planets, and, if we neglect the comets, its orbit marked the frontiers of the territory 
over which the Sun’s sway was known to extend Strictly speaking we cannot thus treat 
the comets, as there is reason to suppose that they may, so far from being mere visitors who have 
come to us from more distant parts of space, be just as truly members of our Solar System as the planets 
They will, however, be dealt with m the following chapter, and we shall now limit our attention to 
the boundaries of the Sun's system of attendant planets 

As above stated the ancients and, indeed, astronomers generally down to well within a century 
and a half ago, knew of no planet more distant than Saturn, which revolves round the Sun at a 
distance of about 886 million miles Indeed, the discovery of another planet outside the orbit of 
Saturn was so little anticipated that when a strange body was found by William Herschel m 1781, 
it was at first announced that he had discovered a new comet ! When, however, it was demonstrated 
to be a planet, the discovery was naturally hailed as one of startling character and of prime importance 
It was m science what the discovery of America was m the affairs of the old world , indeed, it rather 
more than quadrupled the area covered by the Sun's planetary dominions regarded as a plane , and 
m recognition of the discovery Herschel received Knighthood and a pension from His Maiesty King 
George the Third 
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Probably some of Herschers other achievements are to be regarded as of even greater intrinsic 
importance than this one — we shall see later that he laid the foundations of various departments of 
astronomical research which m recent years have been astonishingly fruitful — but the discovery of 
a new planet was one which appealed m a unique way to men’s imagination It was a thing without 
a parallel m historic times 

It was on the night of March 13, 1781, when Herschel was making observations at Bath with a 
seven-inch reflecting telescope, that a suspicious looking object passed through the field of his 
telescope Any ordinary observer would have taken it for just a star and let it go, as had indeed 
been done several times m the case of this very object before, but not so Herschel I He was using 

at the time, he tells us, a 
magnifying power of 227 dia- 
meters , and he recognised at 
once that, whereas the " fixed ” 
stars appear almost as points of 
light, this object had a per- 
ceptible disc After applying 
much highei powers and finding 
that its diameter appeared pro- 
portionately increased, he came 
to the conclusion that it could 
not be a star , and in the fol- 
lowing words, taken from his 
statement which was com- 
municated to the Royal Society, 
he announced his discovery of 
a supposed comet “ On Tues- 
day, the 13th of March, be- 
tween ten and eleven in the 
evening, while I was examining 
the small stars m the neigh- 
bourhood of H Geminorum, I 
perceived one that appeared 
visibly larger than the rest , 
being struck with its uncommon 
magnitude, I compared it to H 
Gemmoium and the small star 
in the quartile between Auriga 
and Gemini, and finding it to 
be so much larger than either 
of them Suspected it to be a 
comet ” 

So little, indeed, was such a 
thing as the discovery of a new 
planet anticipated, that some 
time elapsed before its real 
nature was even suspected, and 
several months passed before 
it was established that what 
Herschel had discovered was a 
hitherto unknown world re volv- 



Photo by 1 


HERSCHEI/S HOUSE AT BATH ^ P Baker * Bath 
It was from tlie back garden of this house (the one with the flying curtains) that 
Herschel discovered Uranus with one of his home-made seven inch reflectors on 
March 13, 1781 A tablet commemorating the event can be seen affixed to the front 

of the house 
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mg round the Sun outside the orbit of Saturn and at about twice the distance of that body Naturally, 
Herschel felt that to him belonged the right of naming the new planet, and in a letter to Sir W Banks, 
President of the Royal Society, he gave it the name “ Georgium Sidus ” (the Georgian Star) in honour 
of his royal patron Some confusion followed The French astronomer, Lalande, proposed the 
name Herschel, and this appellation was adopted for some years in France and even in England, while 
Bode, returning to classical usage, suggested the name Uranus— that of the oldest of the gods— as being 
most suitable In the English Nautical Almanack the planet was styled The Georgian between 1791 
and the edition for 1851, but from this date onwards the name Uranus has been in general use 
The mean distance of Uranus from the Sun is 1,782,800,000 miles, and a involution in its orbit 
occupies eighty-four years Its diameter is about 31,000 miles, and thanks partly to a high albedo, 
even exceeding that of Jupitei, it is just visible to unaided vision under favourable conditions, 
notwithstanding that it receives rather less than of the light falling on the Earth 


URANUS AND THU EARTH 

The diameter of Uranus is nearly foui times that of the hearth, or close on 31,000 miles He is nineteen times as far from the 
Sun as the Earth is, so that he leccives about 360 times less light His surface, howevci, is highly reflective and this fact helps 
to make him just visible to the naked eye from the Eaith He takes eighty-foui years to complete one circuit round the Sun 

In a powerful telescope Uranus appears as a sea-green, slightly flattened disc about four seconds 
of arc in diameter Some observers have recorded the appearance of faint bands or belts, and 
especially a white streak across the centre A curious circumstance, however, is that these bands 
have not always been drawn in the same direction , whereas if they are to be taken as 
indicating the direction of rotation, they should agree substantially with the plane of the orbits of 
the satellites The markings are, however, very famt, and it is difficult to make certain of the 
precise details of features only just within the limit of vision The density of the planet, deduced from 
the revolutions of the satellites and the diameter of Uranus, is very much the same as that of 
Jupiter, and the planet is probably in a somewhat similar physical state The spectrum shows some 
heavy dark bands cutting out much of the red end, and to this is due the greenish colour of the disc 
The absorption-bands may be taken as indicative of a somewhat dense atmosphere, but their exact 
identification is perhaps not quite certain 

Considenng the practical difficulty m securing precise obseivation of an object like Uranus, we 
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Drawing bn g SUavenson 

URANUS 


Uranus appears as a very small disc even in a large telescope, so that little 
detail can be made out on his surface Faint markings, however, apparently 
resembling those of Jupiter and Saturn, have occasionally been seen 
The above drawmg was made under good conditions with a ten-inch 
telescope, in September, 1915 it shows a brojad white zone between 


need not be surpnsed that there is still 
some uncertainty about its rotation 
period Some years ago the late Pro- 
fessor Lowell and Dr Slipher obtained 
by spectroscopic observations, based on 
the Doppler principle, the value of ten 
hours forty-five minutes Later, Mr 
Leon Campbell, at Harvard, in making 
photometric observations of Uranus for 
the purpose of finding whether or not 
any changes occurred m the Sun’s light 
discovered variations in the light of 
Uranus m a period that agreed well with 
the result obtained by Lowell and 
Slipher Such light variations might 
easily be due to inequalities in the 
brightness of the planet's disc, caused, 
perhaps, by an outbieak of spots, com- 
bined with axial rotation, and it is 
probable that the results obtained are 
very nearly correct 

The satellites are four in number, 
and bear the names Ariel, Umbriel, 
Titama, and Oberon, Ariel being the 
nearest to the planet Sir William 
Herschel discovered Oberon and Titama 


two dusky belts a few years after his discovery of 

Uranus Anel and Umbriel were discovered by Lassell, in 1851 They are exceedingly small and 
faint But the most interesting point in connection with the satellites is the inclination of the plane 
m which they revolve Reckoned m the usual way, this is more than a right angle — actually 97° 8 — so 
that projected on the plane of the ecliptic the motion is retrograde 




MARKINGS ON URANUS ^ ^ 

inclined to them as much as twenty five to thirty degrees seemed 10 oc 
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As already stated, the area known to be covered by the planetary system was greatly extended 
by William Herschel’ s discovery of Uranus, but we now have to consider the remarkable and thrilling 
story of a yet furthei extension of the boundaries of that system In many respects the discovery 
to be recounted was of a totally different character from that of Uranus It depended primarily, 
not on the acute vision of a skilful observer— indeed, the part played in it by the telescope was 
entirely a subordinate one— nor did chance or good fortune have \ery much to do with it except, 
perhaps, m the final stages, but it was more than anything else a triumph of mathematical reasoning 
It has been already stated that, before Uranus travelled across the field of Herschel’s telescope 
and was at once recognised by him as something different from a star, it had been observed and 
recorded, without, however, anything unusual being noted Nearly a century earlier, \iz , in 1690, 
as well as in 1712 and 1715, Flamsteed, the first Astronomer Royal, had observed it and determined 
its position Later, it was observed by Le Monmer, Bradley and Mayer— all of them good observers 
These men had, accordingly, had the opportunity of making a startling discovery The prize had 



FIGURE OB' THE GI v OBE OB' URANUS 

Uranus, like Jupitci and Saturn, is appreciably flattened at its poles and as an oblate spheroid This as due to rapad rotation 
t? a /? is ’ thc peno<1 of whlch 18 about ten and three-quarter hours This flattening of the poles as not ahva\ s visible from 
the Earth Ihus, an the first of the figiues above, the planet’s axis is pointing ncaily towaids us, and his outline cousc^uenth 

appeals all but cu cular 

actually been within their hands, but they had let it go , they had missed their chance , and it was 
reserved for the acuteness of Herschel to gather what they had lost 1 

But the older determinations of position were of value nevertheless When the planetary nature 
of the new object was established it was at once recognised that they should enable the “ elements ” 
of its orbit to be derived with great accuracy It is obviously easier to find the dimensions of a circle 
from a large arc of its circumference than from a very small one, and similarly it was felt that the 
arc of the orbit of Uranus traversed since Flamsteed's first observation ought to give the elements 
of its elliptical path with great exactness The orbit was accordingly worked out with much care, 
but it was found impossible to fit all the observations with the degree of accuracy expected And 
however the elements were varied so as to make the discrepancies between theory and observation 
as small as possible, the planet soon began to wander away from the track predicted for it As a 
matter of fact, so hopeless did the problem gradually become that when drawing up fresh tables m 
1820 Alexis Bouvard discarded the older observations altogether, and based his computations solely 
on observations of the planet's position obtained since its discovery by Herschel As we now know, 
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the discrepancies were by no means wholly due to inaccuracies in the old observations and it was soon 
found that the planet was wandering away even from the new path that was laid down for it It 
is true that the errors, as judged by ordinary standards, were small , indeed, such as would be quite 
imperceptible to the naked eye even after the lapse of some years, but by 1844 the discrepancy had 
increased to two minutes of arc, i e , about one-sixteenth of the Moon’s apparent diameter, or about 
two and a half times the diameter of Jupiter at opposition — an error much m excess of anything that 
might have been expected Of course, every allowance was made for the disturbing effect of the 
other planets, especially Jupiter and Saturn As already explained in earlier chapters, the various 
iDodies of the Solar System, in accordance with Newton’s Law of Gravitation, mutually perturb one 
another, and some of these perturbations are considerable After, however, making full allowance 
for all such known effects, the outstanding discrepancies referred to still remained to be accounted 

for, and the idea gradually took 
shape that they might be ex- 
plained on the hypothesis of some 
as yet unknown planet, still more 
distant than Uranus, disturbing 
the motion of the latter 

The inverse problem of finding 
the disturbing body from the 
observed perturbations was a 
difficult one It required mathe- 
matical skill of a high order as well 
as an accurate series of observa- 
tions for its solution The latter 
were fortunately available, and 
shortly before the middle of the 
last centuiy two young men, quite 
independently and quite unknown 
to each other, resolved to attack 
the problem 

One of these was J C Adams, 
of St John’s College, Cambridge, 
and it is recorded m a memo- 
randum left by him that in the 
summer of 1841 he " formed a 
design to investigate, as soon as 
he had taken his degree, the 
irregularities m the motion of 
Uranus which were as yet un- 
accounted for in order to find whether they might be attributed to the action of an undiscovered 
planet beyond it, and, if possible, thence to determine the elements of its orbit, etc , approximately, 
which would probably lead to its discovery ” This resolve Adams carried out His first solution 
was obtained in the long vacation of 1843, and several others followed, so earnestly and enthusiastically 
did he labour at the problem he had taken up; In September, 1845, at the instigation of Professor 
Challxs, of Cambridge, he called at the Royal Observatory, Greenwich, to see Airy, the Astronomer 
Royal Unfortunately, Airy was not at home He called again a few weeks later, and once more 
missed seeing him This time, it seems, Airy was at home but at dinner, and the butler, unwilling that 
his master should be disturbed, sent Adams away The latter did, however, leave a paper containing 
the elements he had derived for the supposed disturbing planet outside Uranus, and other details 
This communication Airy acknowledged by letter and at the same time asked a question which 



THE SATEEEITES OF URANUS 

Uranus is attended by at least four satellites, and more have been suspected 
The four definitely known are, from the planet outwards, uamed Ariel, Umbriel, 
Titania, and Oberon They are among the faintest objects known to us m the 
Solar System and require a very large telescope for their successful obsei vation 
They appear as mere points of light at such an enormous distance 
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ORBIT OF 



[By permission of Messrs Cassell & Co , Ltd 

AXES OF URANUS AND THE EARTH 
Uranus travels round the Sun with his axis of rotation lying almost in the plane of 
his orbit In the case of the Eaith the two make an angle of sixty-seven-and-a-half 
degrees The figure above shows also (but not to scale) the relation of the satellite 
orbits to the axes of the two planets In the case of Uranus the tilt of the axis is 
so excessive (more than limet} degrees) that the satellites appear to revolve in the 

ictiogracle direction 


he then considered a crucial 
one, viz , whether the assumed 
perturbation would explain the 
considerable error in the radius 
vector of Uranus Unfortun- 
ately, Adams made no reply to 
this question He was natural!} 
of a shy and diffident disposi- 
tion , he was disappointed at 
his failures to see Airy, and 
probably, too, at what he may 
well have considered the latter’s 
lack of confidence m him, if not 
indifference to the results he 
had obtained Indeed, the 
answer to the question seemed 


to Adams so obvious that he perhaps thought Airy was merely trying to evade the matter altogether 
Anyhow he sent no reply, and Airy for the time being took no further action m regard to the problem 
Meanwhile, the unexplained irregularities in the motion of Uranus had attracted the attention 
of the young French astronomer and mathematician, U J J Le Vemer, who in the summer of 1846 
communicated three important papers to the French Academy dealing with the problem, and in the 
last of these he expressed his belief that the planet could be recognised by its disc On seeing his 
preliminary figures Airy was so struck by the general resemblance which they bore to those deduced 
earlier by Adams that he considered the time had arrived when a diligent telescopic search should 
be made for the distuibing planet As an illustration of the growing interest in the problem, it may 
be mentioned that on beptembei 10 of the 
same year, at the meeting of the British 
Association, held at Southampton, Sir John 
Herschel remarked “We sec it (i e , the 
planet) as Columbus saw Amoiica from the 
shores of Spain Its movements have been 
felt trembling along the far-reachmg line of 
our analysis with a certainty hardly inferior 
to that of ocular demonstration ” How 
near at hand that ocular demonstration was 
the sequel shows But to return to our 
story Airy supposed that a large telescope 
would be required to reveal the planet, and 
m the belief that there was no instrument 
at Greenwich adequate for the purpose, he 
asked Challis to search for it with the 
Northumberland telescope at Cambridge, of 
which the object glass has a diameter of 
eleven and a half inches Challis agreed to 
do so, but as he had no chart of that part 
of the sky available he adopted the slow and 
laborious method of determining carefully 
the positions of the stars in that region down 
to the tenth or eleventh magnitude, and 
repeating the observations again and again 



THE “PUEE” OF NEPTUNE ON URANUS 
The observed fact that Uranus appeared to be accelerated m his 
orbit up to 1822 and thereafter retarded led to the deduction that 
the gravitationed “ pull ” of an extenor planet was responsible 
The diagram represents the relative positions of the two planets 
at different times, as calculated backward after the actual discovery 
of the disturbing planet, Neptune 
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m the knowledge that if the planet were m the held it 
would betray itself by its motion 

While Challis was thus engaged, Le Verrier sent his final 
results to Dr Galle, at Berlin, who on September 23, 1846, 
received his letter requesting him to direct his telescope 
to a point on the ecliptic in the Constellation Aquarius 
in. about longitude 326°, where he might expect to find 
the new planet It so happened that Galle had ready to 
hand a map by Bremiker of that region of the sky, and 
that very evening a comparison of the stars m the sky 
with the stars on the map revealed the looked-for stranger 1 
It thus happened that the credit for the discovery of 
the new planet went to Le Verrier and Galle, notwithstand- 
ing the fact that Adams was the first to carry through the 
mathematical part of the work The circumstances were 



such, however, as naturally to provide the occasion for 
controversy, and much heated argument ensued On the 
one hand, there were those partisans of Le Verrier who 
were greatly annoyed when claims were put forward on 
behalf of Adams, and on the other, some of the supporters 


By permission of] [Messrs Macmillan <S* Co 

JOHN COUCH ADAMS 
A portrait, taken in latei life, of the young 
Cambridge mathematician who, working on the 
perturbations of Uranus, anticipated I,e Verrier m 
arriving at a solution of the problem Unfortun- 
ately, a combination of circumstances delayed 
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the verification of his result, which was afterwaids 
shown to be very near the truth 

of Adams could scarcely find language strong 
enough to express their feelings about Airy and 
Challis, especially the former As a matter of 
fact, if Challis had only compared the observa- 
tions he had already made in the first half of 
August the prize would have been won for 
English Astronomy, for twice— on August 4 
and again on August 12 — he had observed and 
recorded the position of the object, and its 
motion between the two dates, had he noticed 
it, would have disclosed to him its planetary 
nature l 

Looking back on this remarkable story from 
a distance it is easier, perhaps, for us to form 
a just judgment on the events of that time than 
was possible for those immediately interested 
in them No doubt Airy can hardly be 
regarded as wholly free from blame He might 
have been expected, despite the many and 
constant calls on the time of one holding his 
position, to have shown more sympathetic 
interest m the work of Adams, and it seems 
certain that his seeming coldness caused Adams 


U J J tE VERRIER 


to refrain from further communication with 


Working m complete independence Ee Verrier arrived at a result 
almost identical with that already reached by Adams It was 
the news that the great French mathematician was working at 
the same problem that caused, too late, a revival of interest in 


him Challis has been greatly blamed for in- 
competency It has been pointed out that he 
should have been able to deal with the matter 


the work of Adams and a desire to verify his results himself Without sending Adams to Airy at all 
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But Adams himself made a mistake He apparently suffered from too sensitive and retiring a nature, 
and he ought certainly to have replied to the Astronomer Royal’s question about the error of the 
radius vector Indeed, it is only fair to mention here that after the appearance of his first paper to 
the French Academy, Airy had put the same question to Le Verner who sent him a reply during the 
next few days 

Of course, the failure of Chalhs to compare his August observations was a misfortune that 
was quite m keeping with Adams's inability earlier to get into touch with Airy on the occasions 
when he called on him at Greenwich It was, then, as the result of many contributory causes that 
England in general and Cambridge m particular lost the technical honour associated with the discovery 
of the new planet On the other hand, Le Yerrier was able to carry through his work to its final 
conclusion without any of the difficulties 
and obstacles which hindered Adams 
Perhaps we may go so far as to say that 
it was a piece of great good luck that 
when Le Verner's letter aruved Galle 
had a map of the particular region of the 
sky indicated and, further, that the 
planet should have been just within that 
area Actually, it was situated m a part 
of the sky which came in the lower left- 
hand corner of the map It might so 
easily have been outside it altogether 1 

It is, perhaps, needless to say that 
the two great men specially concerned 
took no part in the heated controversy 
that was aroused We can imagine that 
Adams's disappointment at the unto- 
ward course of events must have been 
very great, but he always spoke in the 
warmest terms of the great ability and 
wonderful achievements of Le Verrier 
After all, really great men may well be 
indifferent to the measure of praise and 
honour accorded them , since the thing 
that really matters in the history of man's 
progress is that discoveries should be 
made , by whom they are made is a 
matter of secondary importance, and, 
moreover, though mutual jealousies and 



JOHANN GOTTFRIED GAIylyE 

Galle was the first astronomer to observe Neptune with the knowledge 
that it was a planet The piobable position of the latter was given 
by Ee Vernei, ami Galle, aided by a large telescope and a good star-chart, 
was able to identify the planet on the very first night of his search 


the purely personal element m scientific work may sometimes distort contemporary judgment, the 
verdict of posterity is apt to be sound, and in this case the scientific world now accords equal 
honour to the brilliant Frenchman and the equally deserving, though less fortunate, Englishman, 
who independently accomphshed so magnificent a piece of work 

In concluding this sketch of a very staking episode in the history of Astronomy it is only fair to 
point out that the actual orbit of the new planet — now known as Neptune — is very different from 
that assigned to it by either Le V emer or Adams Of course, some assumptions had to be made m 
work of this sort, and both investigators assumed the distance of the disturbing body to be about 
twice that of Uranus from the Sun, as suggested by Bode's law As it happens, this assumption, 
which was a perfectly natural and justifiable one m the face of known facts, led them astray The 
value given for the distance of Neptune by Bode's law is nearly thirty-nme times the distance of 
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the Earth from the Sun, whereas the actual distance is only 
thirty times There were, accordingly, those who went so 
far as to assert that the real orbit being so different from the 
computed ones, the planet that was found was not the plane 
of Adams and Le Verner at all, and that its discovery was 
due to a mere coincidence or happy chance It is, however, 
generally agreed that this view of the matter is not quite 
fair, since the perturbations m the portion of the orbit 
traversed since 1690, when the planet was first observed by 
Flamsteed, though obviously not capable of furnishing 
correct elements on the primary assumption of Adams and 
Le Verner, were nevertheless of such a nature as to indicate 
the direction in which the disturbing body should be looked 
for The late Professor Lowell has attributed the successful 



NEPTUNE IDENTIFIED 
To the left is a reduced copy of part of the 
chart used by Galle in his seaich for Neptune 
To the right is the same portion of the sky as 
he actually found it, with Neptune present as 
a “ stranger ” to the region The small white 
cross to the right marks the place predicted by 
Ee Verner, less than a degree away 


result achieved to the nearness of Neptune and the approximate circularity of its orbit, and adds 
“ Neptune turns out to have been most complaisant and to have assisted materially to its own detection ” 
Of Neptune itself comparatively little is known Its mean distance from the Sun is 2,793,500,000 
miles, and the time required for a revolution in its orbit about 164 8 years Its diameter, according to 
Barnard, is about 33,000 miles, so that it appears to be slightly larger than Uranus Owing to its 
distance no definite markings are visible on its surface It presents m the telescope a greenish disc, 
about 2 6 seconds of arc m diameter, and being no brighter than a star of the eighth magnitude, is 
much too faint to be visible to the naked eye As regards its physical condition, Neptune probably bears 





NEPTUNE, 1916 


Very little has ever been seen on Neptune’s disc, which is faint and minute 
in all but the largest telescopes Eike Uranus, the planet is greenish m 
colour Suspicions of belts, and dusky shadings at the limbs, have been 
obtained and a flattening of the polar diameter has been measured The 
rotation period is still in doubt, but is probably of the order of eight to 
twelve hours, and thus comparable to those of Uranus, Saturn, and Jupiter 


some resemblance to the other large 
planets, Jupiter, Saturn, and Uranus 
From the periodic time of its satellite 
taken in conjunction with the planet's 
dimensions we learn that its density is 
low, viz , about the same as that of 
Jupiter There are some very strong 
absorption bands in the lower part of 
its spectrum, similar to but broader than 
those of Uranus Progressive changes 
in some of the lines and m one broad 
band m the spectra of Jupiter, Saturn, 
Uranus, and Neptune are shown in the 
photograph on page 386 The rotation 
period of Neptune is still uncertain , but 
in 1883 and again m 1915 Maxwell Hall 
deduced the values seven hours fifty- 
five minutes and seven hours fifty 
minutes six seconds respectively from 
observations of temporary variations in 
the light of the planet as compared with 
that of stars in the same fields If these 
results are correct, it is the shortest 
known rotation period in the Solar 
System, but the speed of a point on the 
planet’s equator will be only about 220 
miles per minute as compared with 470 
miles per minute in the case of the 
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giant planet Jupiter So far as is known, Neptune has but one moon It was discovered by Lassell 
within a month of the discovery of Neptune by Galle Like the outer satellite of Saturn, the eighth 
and ninth of Jupiter, and the four of Uranus, it has a retrograde motion The inclination of its orbit 
to the plane of the ecliptic is 145 1 or 34° 9 It has been named Triton, but is more often referred to 
simply as the “ satellite of Neptune ” 

*********** 

Is Neptune really the frontier planet of our system, or are there others still more remote ? At 


NEPTUNE AND THE EARTH 

Neptune and Uranus form a pair of apparently similar planets The former is slightly the larger of the two, being about 
33,000 miles in diam eter, or four-and-one-fifth times the diameter of the Earth The diagram above makes Neptune rather 
too large Owing to his great distance from the Sun (thirty times that of the Earth) he appears as a very dim object, only 
visible m a telescope. He takes nearly 165 years to revolve round the Sun 

present the question does not admit of a definite answer We have already seen that Bode's law 
breaks down at Neptune Does this mean that there is no other planet beyond it ? The problem 
bas naturally received the attention of several astronomers, and it has been approached from more 
than one direction In the chapter on Jupiter, and in the chapter to follow, on Comets, reference 
will be found to the fact that in the cases of comets known to return to the neighbourhood of the 
Sun periodically, their aphelia (i e , the most distant points m their orbits) lie close to the orbits of 
the larger planets Thus Jupiter has associated with him a family of about fifty comets, Saturn has 
three, Uranus two, and Neptune seven It is reasonable, therefore, to conclude that the existence of a 
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trans-Neptuman planet might be revealed by the discovery of a family of comets whose aphelia lie 
outside Neptune's orbit From an investigation based on these lines, Professor George Forbes, in 
the year 1880, concluded that such a planet actually exists, and a subsequent rediscussion of the 
problem, with additional data, enabled him (in a paper communicated to the Royal Astronomical 
Society m December, 1908) to confirm substantially his earlier results He was led to the conclusion 
that the new planet is about 105 times as distant from the Sun as the Earth, or three and a half times 
as remote as Neptune, with a period of nearly 1,100 years The orbit plane of this hypothetical 
planet, however, is inclined to the ecliptic, at an extraordinarily high angle, viz , 52°, which is altogether 
different from those of the major planets, and exceeds by some 18° even that of the minor planet 


Moon 


Jupiter 


Saturn 


Uranus 


Neptune 

Photo by] [Lotvell Observatory 

SPECTRA OF THE GIANT PLANETS 

The spectra of all the planets are similar to that of the Sun, from which they derive their light , but in the case of Jupiter, 

Saturn, Uranus, and Neptune (especially the last two) there are found, in addition to the fine lines, several broad dark 
bands These must be due to absorption by gases m the atmospheres of these planets, which have not been identified 

with certainty 

Pallas 1 But perhaps a high inclination in the case of a planet so remote is not utterly improbable 
The orbits of comets which come from a great distance and arfe possibly composed of outlying 
portions of the original nebula of the Solar System, which may well have been spherical, may have 
any inclination, so that a high inclination of the orbit of an exceedingly remote planet is not 
necessarily at variance with what might have been expected 

But most of those who have attacked the problem of a trans-Neptuman planet have based their 
investigations on the perturbations of the orbit of Uranus It may be asked why not make use 
of the perturbations of the orbit of Neptune ? Obviously, these would be larger m amount, and 
would therefore yield more trustworthy results, but unfortunately Neptune has not yet been observed 
over a sufficiently large arc of its orbit to render the perturbations certain Computers have 
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accordingly been obliged to fall back upon 
the residual perturbations of Uranus, after 
the disturbing effects of Neptune — m 
addition to those of the other planets — have 
been subtracted This is something like 
trying to find Neptune from the disturb- 
ances produced by it m the orbit of Saturn, 
and the quantities available for discussion 
are exceedingly small Accoiding to the 
late Dr Pcrcival Lowell, who m 1915 
published a detailed investigation of the 
problem based on these lines, the residual 
disturbances at no point exceeded 4 5 seconds 
of arc, as against 133 seconds which Adams 
and Le Verner had to deal with in 1845 1 
Nevertheless, he deduced from them con- 
sistent evidence suggesting a planet moving 
in an orbit with a radius of about forty-five 
times that of the Earth's He assigned to 
it a mass of the order of one fifty-thousandth 
part of the Sun’s mass, and predicted an 
apparent disc of over one second of arc in 
diameter Amongst others who have 
discussed this interesting problem are Todd, 

Lau Lee, W H Pickering, and Gaillot, and 
between some of the results which have 
been deduced there is a fair agreement 
So far, however, all attempts to discovei 
the supposed planet in the heavens have 
failed No doubt, in the course of time, 
when the interval since Neptune’s discovery 
has become sufficiently great, its own orbit 
will be studied for evidence of the perturbing action of a possible planet yet more remote ; but 
meanwhile, despite the investigations referred to, the frontiers of the planetary system as known 
remain undisturbed It is, of course, quite likely that the Solar System in its entirety, t e , including 
any trans-Neptuman planets which remain to be discovered, and the comets, has a diameter which 
exceeds many times that of Neptune’s orbit, and yet the distance of its remotest parts is small 
compared with that separating the Sun from its nearest neighbours amongst the stars Indeed, so 
great is this intervening space that the solar beams, though travelling with a speed of over 180,000 
miles per second, require years to traverse it How these distances are determined will be explained 
later, but meanwhile it may be of interest, in closing this chapter on the Frontiers of the Solar System, 
to give a simple illustration of the scale of the system and of the gap separating it from the nearest 
stars If we take a globe one foot in diameter to represent the Sun, a shot one-ninth inch in diameter 
at a distance of thirty-six yards will do for the Earth A small marble at a distance of nearly 1,100 
yards will then serve for Neptune, but for the star Proxima Centaun — so far as we know the Sun’s 
nearest neighbour amongst the stars — we must obtain a small globe and place it on some spot no less 
than some 5,300 miles away 1 



Irom “ Knowledge ") 

WII^IylAM IyASSEJIyly 

This famous English amateur observed at Liverpool, with reflectors 
of two and four feet aperture, m the middle of the Nineteenth Century 
His observations were mainly of the fainter celestial objects, and he 
discovered the hrst satellite of Uranus and the satellite of Neptune 
He also detected (simultaneously with Bond) the seventh satellite of 

Saturn 
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CHAPTER X 


COMETS 

By A C D Crommelin, BA, D Sc , FRAS 

T HERE is probably no part of Astronomy that appeals so much to the general public as that 
which is concerned with Comets In all ages they have excited intense interest, though formerly 
this was mixed up with a large amount of not unnatural apprehension , their long tails and 
rapid motion suggested close proximity to the Earth, and it was almost universally believed m Europe 
m the Middle Ages that they were luminous appearances m our own atmosphere, so that it was a 
short step to the supposition that they brought pestilences and other evils to mankind It was one 
of Tycho’s useful achievements to prove, by careful observations made simultaneously at two distant 
stations, that Comets were at least several times as far away as the Moon, so that they must rank not 

as terrestrial but as celestial bodies The 
previous misconception as to their nature had 
the bad effect of making people attach very 
little importance to noting the exact track of 
Comets among the stars, so that the Euro- 
pean records for the times preceding Tycho 
are extremely meagre from the point of view 
of orbit computation And yet a philosopher 
of the First Century, the famous Seneca, had 
made the remarkable prediction, “ Some day 
there will arise a man who will demonstrate 
in what regions of the heavens the Comets 
take their way , why they journey so far 
apart from the other planets , what their 
size, their nature ” These words remained a 
dead letter for 1,500 years, and then received 
a complete fulfilment m the discovery of the 
law of gravitation, which made it possible to 
trace the long paths of Comets and in some 
cases to foretell their return 

Fortunately m China and Japan much 
more attention was paid to fixing the exact 
paths of Comets through the constellations 
This work is none the less useful to us 
from the fact that it was not wholly in- 
spired by zeal for pure science , it was believed that each terrestrial kingdom had a celestial repre- 
sentative, and that Comets, going like ambassadors from one to another celestial region, might give 
useful forecasts of terrestrial events The different names given to these apparitions are of interest , 
the word " Comet ” means hairy , it is apt enough when applied to some of these visitants (vide the 
illustrations of Morehouse's Comet of 1908) , an amusing instance is afforded by Vespasian’s answer 
to his courtiers, who were apprehensive about the Comet of A D 79 " That hairy star does not threaten 
me , it menaces rather the King of the Parthians , he is hairy, while I am bald ” Other fanciful Greek 
names applied to Comets were Xiphias, Lampadias, and Akontias , implying resemblance to a sword, 
a torch, and a javelin , Halley’s Comet was classed as Xiphias in a d 66, and as Lampadias m a d 530 
On page 415 some old drawings are reproduced, which suggest that the artists gave a good deal of 
rein to their fancies 

The Chinese and Japanese used the designation “ Besom-Star ” for Comets , Suy Sing m Chinese, 
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HAILEY’S COMET OVER JERUSALEM, A D 66 
Halle} ’s Comet appeared m January, 66 It was probably the 
sworcl mentioned by Josephus as standing over Jerusalem (Wais, 
Bk VI, Chap v), shortly before its fall 
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Hahakiboshi m Japanese , it may be derived partly from the bundle of streamers forming the Comet’s 
tail recalling the bundle of twigs in a broom , partly by the fancy that the tail swept up the dust m the 
constellations, as a broom does that on the floor The Chinese practice of recording the length of tails 
in chih or cubits (somewhat over a foot) recalls the childish usage of measuring celestial distances and 
diameters m yards, feet and inches 

Pmgre in his “ Cometographie ” has some vague references to Comets of thousands of years b c , 
but the earliest one that rests on contemporary testimony is in 611 b c , which opens Williams’s useful 
book on Chinese Comets , this went through Pih Tow (our Plough) and may not impossibly have been 
Halley's Comet There are stronger reasons for assuming its identity with the Comet of 467 b c , 
seen both in Europe and China, and mentioned by Aristotle (“ Meteor ,” Book I, Chap mi), who says 
that a stone fell from the sky, and that on the evening of the same day a ComeJ was seen Pmgre 
dismisses the fall of a stone from the sky as a manifest fiction He wrote in 1783, when the celestial 
nature of meteors was unrecognised , 
but with our present knowledge the 
association of the fall of the meteor 
with a Comet strengthens our con- 
jecture that the Comet was Halley's , 
for it is one of the few Comets that 
pass sufficiently near to the Earth’s 
orbit to give meteor showers , Pliny 
adds that this meteor fell at Aegos 
Potami , it was as large as a chariot, 
and its surface was burnt , it was still 
shown m his time, which was centuries 
later 

We next find an observation of 
Halley’s Comet m 240 b c , and from 
that time to the present, with the 
doubtful exception of 163 bc, wc have 
records of its observation at every 
return, in most cases m language 
implying great brilliance 

We have already seen that in the 
First Century a d Seneca made a fore- 
cast which shows that Comets were 
regarded as celestial objects, so that 
the subsequent view, prevalent in 
Europe, that they were mere at- 
mospheric exhalations was a retrograde step There is a remarkable passage m the Babylonian 
Talmud, quoted m the " Observatory ” (August, 1910), which I give in full — 

“ Two sages of Palestine, Rabbi Gambiel and Rabbi Josue, were making together a sea- voyage 
The first had brought some bread, the second had brought, besides, some flour When Gambiel had 
eaten all his bread, he asked his companion for some flour, saying to him, * You knew that we should 
be a long time on the journey, and so you took the precaution to bring flour ’ Josue answered, ' There 
is a very brilliant star which appears every seventy years and deceives sailors I thought that perhaps 
it would surprise us during our voyage and delay us That is why I provided myself with flour 

M Renaudot, discussing this passage, shows that the voyage was made about the time of the visit 
of the Parthian prince Tindates to Rome m a d 66, m which year Halley’s Comet appeared There is 
therefore quite a plausible case for the assumption that the learned Jews, who kept their records \ery 
carefully, had noted the recurrence of this bright Comet at intervals of about seventy-six years (the 


HALLEYS Comet NEAfc PLEIADES 
A-D. Autumn 

Fr* m Lu l»iiniechi jTliCAtruni C^rntticurn 

Jf lit | jj 
. ^ \VWVv 

\ i /> l ' -Ox v 




x; 


HAI v r y KY’S LOMKT IN (584 

The Comet is here seen as a ureular object without a tail It occasionally 
looked like this in 1835 The bright star in the Bull’s Me is Aldebaran 
The Pleiades are high right of the Comet 
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se\enty m the text 
be merely a 
round number), and 
so knew when to 
expect its return If 
this w as so , the know- 
ledge was subse- 
quently lost And 
m any case the credit 
of Halley’s achieve- 
ment is unshaken 
The true orbit of a 
Comet could not be 
deduced till the cen- 
tral position of the 
Sun \\ as known, and 
the law of gravita- 
tion understood , the 
same Comet, if it 
returns at different 



HAILEY’S COMET IN 1066 (FROM THE BAYEUX TAPESTRY) 

The left panel shows people gazing in wonder on the Comet, “ Isti mirantur stclUm ” 1 his is the 
earliest undoubted delineation of Hallev’s Comet Harold’s anxiety is caused by the Comet, 
the invasion of Tostig, and the preparations of William, svmboliscd by the ships 
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times of the year, has an entirely different track in the sky as seen from the Earth , a long calculation 
is lequired to deduce its true path round the Sun, and so test whether two Comets were moving m the 
same path This is what Halley did, but any identifications before his time were mere vague 
conjectures 

Before passing on to the general consideration of the motion of Comets, there is anothei remarkable 

ancient Comet that deserves mention 
This is the one of 134 b c , whose appear- 
ance led Hipparchus to undertake the 
formation of his catalogue of stars 
Most text-books assert that this object 
was what we now call a Nova, or the 
sudden outburst of a bright orb m the 
region of the Fixed Stars Dr J K 
Fothenngham, in a paper read before 
the Royal Astronomical Society in 
January, 1919, showed clearly that it 
was a Comet It must have been a 
remarkable object, its splendour being 
compared with that of the Sun, and 
it took four hours to rise and set 
This Comet, which is also recorded by 
the Chinese, preceded the birth of 
Mithndates , a very similar object, 
supposed by the Chinese to be a return 
of the same body, was seen fourteen 
years later, at the time of his accession 
Several historians have treated these 
as mythical, merely intended to glorify 
Mithridat^s , but they were ignorant of 
the corroborative testimony from China 
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HAILEY’S COMET IN 1066 

The apparition in 1066 caused great alarm, from the Comet’s brightness 
and rapid motion It is here shown in the Twins, just after it became an 
evening star Castor and Pollux are seen on the left 
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A Comet that led to the formation of the 
first star-catalogue must be for ever 

memorable 

It seems appiopriatc* to give at this 
point, some account of the natuie of Comets 
and their orbits, before c ontinumg the history 
of their appearances As soon as Kepler 
obtained Ins result that the paths of the 
planets round the Sun are slightly flattened 
ellipses, it was a natural suggestion that 
Comets might move m elongated ellipses 
or parabolas, Hevehus, Borelli, Lower, 

D oriel, all appeal to have advanced these 
ideas before the publication by Sir Isaac 
Newton of the law of gravitation After 
this the mattei was no longer one of mere 
conjecture*, but was capable of exact 
demonstration Newton showed that the 
four curves known as conic sections were 
all possible* fox ms of orbits undei gravita- 
tion These turves can all be seen as 
shadows thrown by a round plate on a 
white wall , using as small a source of light 
as possible, so as to obtain sharp shadows , 
when the whole of tin* plate is nearer to the wall than the flame, the shadow is an ellipse, becoming 
a circle in. p*uti< ular cases, one of which is when the plane of the plate is parallel to the wall If the 
outer edge of the plate is just as far from 
the wall as the flame, the shadow becomes 
a parabola, wlmh is simply an ellipse whose 
length has become infinite If the plate is 
moved farther out the shadow becomes a 
hyperbola ; tins contains two branches, but 
only one appears as a shadow 

The othei branch would be formed by 
drawing linos from the outer part of the 
rim through the flame, and carrying them 
on to meet the wall , this outer branch 
can never be described under the force of 
gravitation alone, as that must always 
give a curve that is concave, not convex, 
to the attracting body , but we shall 
presently show that the tail-matter gives 
evidence of a repulsive force m the Sun, 
stronger than gravitation, and the outer 
branch of the hyperbola is precisely the 
path that would be described by tail par- 
ticles (assuming that the repulsive force 
resembled gravity in obeying the law of the 
inverse square of the distance) 

A picture of the hyperbola with its two 



HAILEY’S COMET IN 1456 

The Comet appeared in July, 1456 Its head was in the Twins, its 
tail 60° long, crossed the Crab and the Uon The siege of Belgrade 
was m progress , the Comet is said to have discouraged the Turks 
and contributed to their defeat 



HAILEY’S COMET IN AUGUST AND SEPTEMBER, 1222 
The Comet was very brilliant in 1222, the Moon looking pale beside 
it It passed through Bootes (the Herdsman), the Virgin, the Scales 
and the Scorpion 
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PATH OF HAILEY’S COMET IN 1531 

The path of the Comet was under the legs of the Great Bear, and the Hair of Berenice 
The positions were determined by Apian and Fracastor This was the first apparition used 

by Halley 


branches is given on 
page 430 , as we 
pass along the curve 
from the vertex, it 
becomes straighter and 
straighter, and con- 
tinually approaches two 
lines called asymptotes 
(Greek for “ not falling 
together ”) so that the 
distant parts of the 
curve become practi- 
cally coincident with 
them In the picture 
these lines are at right 
angles, but this need 
not be the case 

Another applica- 
tion of the hyperbola 


study of the bending of light rays by gravitation, which 
recent eclipses 


in Astronomy is in the 
was predicted by Einstein and \enfied during 


The parabola is a familiar curve to most people, though they may not know its name it is the 
course followed by a ball thrown up obliquely, or by the jet of water from a hose or fountain It may 
be drawn on squared paper, by selecting a point as vertex, then measuring various distances to the 
right, say, i, 1, 1J, 2, 2£, etc , and measuring the squares of these distances downwards (that is, i, 1, 
4, 6£, etc ) , the points thus fixed will lie on the curve, which has a symmetrical portion to the 
left of the vertex It is drawn on page 429 , the figure also shows a useful property of the velocity at 
any point in a parabolic orbit about the Sun , it can be split into two equal constant velocities , one 



L* ju J-xatTVnvmw 

PATH OF HAILEY’S COMET IN 1607 

The picture shows the path of the Comet through the hind legs of the Great Bear th< 
erdsman, the ^ e ^ m h|5pluuchus The change in the length and direction of the toil is 
indicated This was the second apparition of the Comet used by Halley 


at right angles to the 
axis, the other at light 
angles to the line join- 
ing Comet to Sun , 
the two are in the 
same direction at the 
vertex, and the velo- 
city here is greatest , 
the farther we go from 
this point the greater 
is the angle between the 
two directions, and the 
smaller the resulting 
speed 

It can easily be 
deduced from Kepler's 
third law that the speed 
of bodies moving m 
circular orbits is in- 
versely as the square 
root of their distance 
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\ After Ha thus 

HAILEY’S COMET IN SEPTEMBER, 1682 
This appearance of the Comet was shortly after the <lisco\uv of 
the of Gravitation The period of the Comet was determined 
by the observations of 1682, combined with 1631 and 1607 The . 
curious curved ra> from the head was also seen m 1769 and 1835 , 


from the Sun The Earth moves eighteen 
and a half miles per second , at nine times 
the distance the speed would be one-third, 
or six and one-sixth miles per second , at 
100 times the distance one-tenth, and so on 
Just as there is only one circular speed at any 
distance, so there is only one parabolic speed 
at any distance, and it is always greater than 
the circular speed in the same proportion, 
which can be shown to be the square root of 
two, or 1 414 Thus an increase of the Earth’s 
speed by seven and a half miles per second, 
making it twenty-six miles, would suffice to 
make it move in a parabola, and to carry 
it away from the Sun Similarly all Comets 
moving m parabolas have a speed of eighteen 
and a half miles per second when at twice 
the Earth’s distance from the Sun 

The speed at any point determines at 
once the character of the orbit and the 
period , if the speed is greater than that of a 
parabola, the orbit is hyperbolic , if less, 
elliptic If a shell were to burst at any point 
in space and scatter its particles with the 
same speed m all directions (less than the parabolic speed) the particles would all have the same/ 
period, and would all meet again after one revolution So we see that if a planet diminishes ! a^' 
Comet’s speed, it shortens its period and brings it back sooner , Jupiter did this to Halley's Comet ' 
in 1835, the revolution from then to 1910 being the shortest on record 
A body coming from a great distance, with just enough velocity 
to start with to avoid falling into the Sun would describe a para- 
bola , if it had considerable speed to start with, it would describe 
a hyperbola , m the latter case it would circle once round the Sun, 

and then leave 
it for ever How- 
ever, no Comets 
with decidedly 
hyperbolic or- 
bits have been 
seen , the con- 
clusion is that 
Comets do not 
come from other 
solar systems, 
but all belong to 
the Sun’s family 
The few cases of 
a slight ten- 
dency to a hy- 
perbolic path 
can be explained 
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[From Himmel und Erde 
HAILEY’S COMET IN 1759 
This was the first predicted return of Halley’s or any 
other Comet It was not particularly brilliant m 1759, 
but the luminous jet behind the head was seen as m 
1682 and 1835 


By permission of} 

VERIFICATION OF HAILEY’S 
PREDICTION IN 1759 
A French artist (name unknown) depicts an 
angel calling Halley from the grave to 
witness the fulfilment of the first prediction 
of the Comet’s return at a given date 
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by disturbances produced by the planets These disturbances are often very large, since the elongated 
paths of Comets take them across the routes of the planets, and close approaches are not infrequent 
The great majority of Comets move m paths that are practically parabolic This does not mean 
that their orbits really go to infinity, for we have just seen that they are to be regarded as members of the 
Solar System , but we can only observe them for a very small portion of their orbits, and in this region the 

departure from a parabola 
is in most cases too small to 
detect Further, parabolic 
motion is much simpler to 
compute than motion m a 
long ellipse , all parabolas 
are of the same shape, and 
tables have been made 
which serve for all cases, 
whereas in ellipses separate 
tables are needed for all 
values of the eccenthcity 
It seems that the vast 
extent of the cometary 
orbits, which go out to at 
least twenty times Nep- 
tune’s distance from the 
Sun, probably much more, 
implies one of two things 
either the material forming 
the Solar System was once 
spread out over this huge 
volume of space , or the 
tidal disturbance, which the 
planetesimal hypothesis 
supposes to have taken 
place from the approach of 
another star to the Sun, re- 
sulted in a distribution of 
matter over a space much 
wider than the known 
planetary orbits There is 
no reason to suppose that a 
very large proportion of the 
matter went to these dis- 
tant regions , for Comets, 
though large, are exceed- 
ingly tenuous, and pro- 
bably the combined mass of 
all the Comets ever ob- 
served is much less than 
that of the Moon 

Newton found an able 
ally m Halley in the appli- 
cation of the law of gravita- 



HAI^EY’S COMET (SIR J HERSCHEIy ) Gu%Uemm 

1 'View of the Comet m Ophiuchus with the naked eye, 1835, October 22 2 The same 

viewed with a telescope of seven feet focal length 3, 4, 5, 6 Details of the head of the 
Comet, 1835 October, 1836 February The Comet showed remarkable changes from 
night to night m the telescope The bright spur behind the nucleus is a recurring feature 

of this Comet 
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PHOTomAPHIC SEARCH FOR HAILEY’S COMET AT GREENWICH, IN SEPTEMBER, 1909 
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tion to Comets The latter seems to have had more aptitude 
for tedious arithmetical calculations than Newton, and he 
immediately collected all the observations of the positions 
of Comets that he could find , they extended over the 
preceding two centuries and included twenty-four Comets 
In each case a parabolic orbit was assumed in the first 
instance, which indeed is still the practice This was indeed 
quite near enough for the Comets that he dealt with , 
nowadays we should be able to say after a month’s observa- 
tions that a Comet was not moving m a parabola, if its true 
period was eighty years, or so But the observations used 
by Halley were much rougher, and this was not possible 
On obtaining the orbits of twenty-four Comets, Halley 
compared them, and noticed that three of them, those of 
1531, 1607 and 1682, were practically identical, and he 
at once suspected that this was the same body returning 
at intervals of three-quarters of a century He hesitated 
slightly when he noticed that the first interval was fifteen 
months longer than the second , but he noticed that the 
Comet must have passed fairly near to the two great 
planets Jupiter and Saturn , these bodies influence 
each other’s periods to a quite appreciable extent, and 



[Journal of R A S of Canai 

PATH OF HAILEY’S COMET REFERRED TO FIXED EART 
This is a very convenient way of illustrating the motion of the Com 
It shows for any date its distance from Earth (E) and Sun, and its directs 
to the Sun The position for 190% August, is low right, that f 
1910, December, low left The same curve will serve for other retun 
altering the position of E , its positions for 1682, 1759, 1835, are show 
The position for 1986 will be a little above that for 1759 



From ] [ Yerkes Observatory 

EAREY PHOTOGRAPHS OF HAILEY’S 
COMET, SEPTEMBER, 1909 


The photographs were taken on September 16, 
17, 24, 26 The same stars appear on all four- 
plates The Comet is indicated by arrows It 
looks exactly like a small star, but its motion 
enables us to identify it The earliest photograph 
was taken at Helwan on August 24 

their influence on the Comet would be 
much greater, both on account of its 
closer approach to them, and because 
its greatly elongated orbit (see p 74) 
is far more sensitive to changes of period 
than a circular orbit Halley was quite 
correct in this reasoning, which was the 
more creditable in that the study of 
perturbations was still in its infancy, 
and had not been reduced to a system 
He then looked farther back, and was 
confirmed in his view by seeing a record 
of a Comet that was evidently the same 
appearing in the summer of 1456 He 
tried to go still farther back, but here he 
went astray, and though he made a list 
of supposed returns extending to the 
one that marked the birth of Mithri- 
dates, he was wrong in every case 
before 1456 This does not affect his 
credit, as these identifications were only 
given as conjectures , whereas now 
the study of planetary perturbations 
enables us to make the identifications 
certain 

Looking forward, Halley announced 




From Knowledge M ] [.By permission of the" Daily Graphic ” 

PATK OF HAMBY'S COMET AMONG THE CONSTEEEATIONS DURING AUTUMN, 1909 
The Comet was m the western part of the Twins when found It will always be first seen in this neighbourhood, if found when still 
a ong way from the Sun It moved slowly back through the Bull, the Ram, and the Fishes , it was then stationary, after which it moved 
in a forward direction over nearly the same path as before, passing on as an evening star through the Twins, the Crab, and Hydra 
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that the Comet would reappear towards the end of 1758 or beginning of 1759 , he allowed a 
little (not quite enough) for delay due to the planets , actually it passed nearest to the Sun on 
March 12, 1759 Halley knew he could not live to see the return, and conscious of the unique 
interest of the occasion, when for the first time m the world's history the date oi the return of 
a particular Comet was definitely announced, he asked posterity to remember that this first 
prediction was made by an Englishman Strangely enough, it was in England that the prediction 
received least honour , the Gentleman's Magazine in 1758 published some verses expressing disbelief 
in the forecast , while in France, Clairaut and Lalande, assisted by Madame Lepaute, spent two years in 
computing the planetary perturbations They obtained a result near the truth, fixing the time as 
April 13, one month too late , the masses of Jupiter and Saturn were not very exactly known, while 
Uranus and Neptune had not been discovered 

Halley had called this body “ a Mercury among Comets," supposing it to have the shortest period 
of any of them We know at present quite a number of them with much shorter periods , the true 

Mercury among them is Encke's 
Comet, which returns every 
three and one-third years , it 
shares with Halley's the dis- 
tinction of being seen at every 
return But Halley's remains 
the only periodic Comet that is 
conspicuous to the naked eye 
All the other brilliant Comets 
have such long periods that 
they have not been seen at a 
previous return since Astrono- 
my became an exact science , 
they cannot be predicted, and 
take us by surprise when they 
come 

The calculations that are 
made of the return of periodic 
Comets are based on the as- 
sumption that nothing except 
gravity is acting upon them , 
these predictions agree well with 
the facts, which proves that this is practically true , but we have, on the other hand, the fact that the 
tails of Comets are manifestly being repelled by the Sun with a force much stronger than gravity This 
force therefore does not affect the head of the Comet , we draw the conclusion that the non-gravitational 
forces are only important on very tiny particles comparable with a wave-length of light (say 
inch m diameter) and that the matter forming the head of the Comet is m pieces that are much larger 
than this We are led to the same conclusion in another manner Immense supplies of gas are driven 
away from the head into the tail , these are permanently lost to the Comet, whose attraction is far too 
weak to reclaim the matter sent out Tiny particles could not hold much gas, and would give it all out 
quickly , but Halley's Comet has been sending out large tails at each return for over 2,000 years, which 
implies that the lumps forming the head are fairly large We cannot, however, imagine that their 
diameter runs into miles , for in that case something would have been seen of the head of the Comet 
when it transited the Sun in May, 1910 I should put down the diameter as several feet, probably 
larger than the largest meteoric fragments m our museums ( see page 109) 

There are quite independent reasons for supposing that the head of a Comet consists of meteors 
Prof J C Adams studied the orbit of the Leonid meteors of November with great care, and found 



PATH OF HAILEY’S COMET, MAY, 1910 
This picture shows how the Earth and Comet, moving in opposite directions, were 
nearest to each other on May 18 Actually, the tail was curved backwards, which 
somewhat delayed our passage through it The head of the Comet transited the 
Sun, but was quite invisible when doing so 
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that their orbit agreed with that of Tempers Comet of 1866 (period about thirty- three and a quarter 
years) Schiaparelli found a similar agreement between the orbit of the Perseid meteors of August 
and Tuttle’s Comet of 1862 The Lynds of April are associated with Thatcher’s Comet of 1861 , the 
Andromedes of November with Biela’s short-penod Comet, which split m two, and subsequently ceased 
to exist as a Comet, though the meteors from it still remain Halley’s Comet itself has a meteor shower, 
the Aquands of May Its orbit does not quite intersect that of the Earth, but passes within a few million 
miles of it, and the meteors are dispersed for some distance all round the cometary orbit (see picture 

on page 398) The meteor that fell at 
Aegos Potami m 467 B c may well have 
been a member of this shower 

Probably when a Comet is a long way 
from the Sun, it has little m the shape of 
gaseous envelopes The photographs of 
Halley's Comet taken in September, 1909 
(see page 396) show no nebulosity , the 
Comet looks exactly like a small star, and 
can only be distinguished by its motion 
Its tail did not begin to appear till some 
months later, this is the general rule 
in Comets with tails that the latter is not 
seen at first, but gradually develops 
during the approach to the Sun It may 
be simply the Sun’s heat that draws the 
gas out of the meteoric lumps, just as 
coal is heated in retorts to extract its 
gas Once the gas is extracted, it forms 
the coma, which is a more or less spherical 
envelope round the head Some repulsive 
agency then begins to act on this, driving 
matter out away from the Sun to form 
the tail The generally received idea is 
that this repulsion arises from light- 
pressure, which is known to exert a 
strong outward force on particles whose 
diameter is comparable with a wave- 
length of light The difficulty about 
this is that the spectroscope shows the 
tail to consist largely of gas, whose 
hai^ey s comet, naked^eye view in Mexico molecules are so much smaller than the 

This picture shows the Comet near the square of Pegasus Venus is Size mentioned, that light-pressure for 

shown to the right of it them would be very small , it has been 

suggested that the dust particles that are driven out might drag a good deal of gas with them There 
is, however, another agency that almost certainly assists m the action, viz , electrical repulsion Several 
of the photographs and pictures of Comets accompanying this chapter show that the tail leaves the 
head not in a single jet, but m a number of them that spread out like a fan The most notable case 
is the six-tailed Comet of 1744 (page 105) 

I will here recall Kepler’s Law of Equal Areas ( see pages 83, 87) Newton had no difficulty in proving 
from this law that the planets are acted on by a force directed exactly towards the Sun In fact, any 
force that is always directed to or from a point has no effect on the rate of description of areas of any 
body moving round that point From this it can be shown by simple geometry that if the tail were 
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simply caused by solar forces, it would always issue from the head exactly in the line joining Sun and 
head That it does not do so is made manifest by these fan-shaped tails There are therefore non-solar 
forces concerned m making the tail, and we cannot locate these elsewhere than in the Comet’s head 
Noting that the force required is a repulsive, not an attractive, one, it seems impossible to suggest 
anything except electrical repulsion We have practically demonstrated this for the head of the 
Comet, and it seems a natural deduction that the Sun’s action is also electrical, though light-pressure 
may help it The Comet that gave most information on the physics of Comets’ tails was that of 
Morehouse, which appeared in the autumn of 1908 It was not very conspicuous to the eye, but was 
very rich m photographic rays (see p 61), so that the photographs of it are full of interest They 
appear to show that a good deal of the tail-matter leaves the head m the first instance towards the 
Sun, but it is quickly turned round by the solar repulsion, and sent backwards in two streams, one 
on each side of the head, with a darker space between them An analogy has been put forward of 

a fountain that is send- 

■ mg up jets m many 

directions, but after it 
has gone up a little 
way gravity makes the 
water descend , the 
outline of the water 
forms a parabolic 
curve, and we often 
see these parabolic 
hoods on the sunward 
side of the head These 
are well shown in the 
picture of the Comets 
of 1858 and 1861, page 
420* Coggia’s Comet 
of 1874 also shows 
them Morehouse’s 
Comet was high up in 
the northern sky for 
the greater part of the 

From] L' Astronomic 1 ’ , , 

HAEEEVS COMET IN THE EVENING SKY, MAY, 1910 night, SO that it Was 

This picture, made w Italy, shows the beautiful aspect of Halley’s Comet m the evening sky possible to take a long 
over the Alps m May, 1910 The Sickle of the Iyion is shown above it, and the Head of Hydra 

below it senes or pnotograpns 

These clearly show out- 
ward motion of the small luminous knots that can be detected in the tail, and enable the intensity 
of the repulsive force to be measured It was found that some of these left the head with accelerated 
motion, but that after a time the acceleration died away This again suggests electrical forces, since 
this effect might be due to the leaking away of a charge, whereas light-pressure would not be subject 
to any sudden change 

Again, the whole process of tail emission was far from uniform, and would sometimes cease for a 
time, so that an old discarded tail would be seen passing away, with a gap between it and the new 
one The same effect was seen in a photograph of Halley’s Comet in April, 1910, and it was noted 
that this Comet temporarily lost its tail m 1835 

Some tails have undergone penodic changes of form, that suggested rotation There are, however, 
mechanical difficulties m the way, since a body can only rotate if it is rigidly held together, or acted 
on by a strong central force Neither of these can hold m this case, so the only supposition that we can 
make is that a rotation of the head might give an appearance of rotation m the tail that flows from it 
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Actually the sti earners ot the tail would have a spiral or helical form Such a form is suggested by some 
photographs that Prof Barnard took at a short interval, and combined in a stereoscope, though he 
pointed out that the appearance could be explained in other ways Bredichm, a well-known Russian 
astronomer of the last century, made a classification of Comets’ tails, which should be mentioned m 
the history of the subject, though the evidence since accumulated does not altogether bear out his 
conclusions He postulated three types (I) long straight tails, like that of the Comet of 1843, (II) 
slightly curved tails, 
like the principal tail of 
Donati’s Comet , (III) 
short, greatly curved 
tails, which are not 
often seen His >uew 
was that these tails 
indicated a difference 
in the amount of the 
repulsive force com- 
pared with gravitation , 
he ascribed this to *i 
difference of the mole- 
cular weights of the 
particles He sup- 
posed type I to be 
composed of hydrogen, 
the repulsive foice be- 
ing some twelve times 
that of gravity Type 
II he ascribed to hy- 
drocarbon compounds , 
this is the commonest 
form of tail, and the 
spectroscope supports 
him in showing the 
presence of these com- 
pounds, though it has 
not shown the tails 
composed of puie hy- 
drogen that he postu- 
lated in I Type III 
(m which the repul- 
sive force was supposed 
to be only a fi action of 
gravity, owing to the 
greater density) was 
put down to particles 
of iron vapour, possibly 

mixed with sodium, etc Sodium has been spectroscopically indicated in a few cases, but the 
spectroscope hardly bears out Bredichin’s idea that each separate tail has a different chemical 
composition , photographs of the tail of Morehouse's Comet taken with a prismatic camera, seem 
to show much the same chemical composition m the different tails 

The career of a Comet may be said to be over when its meteors have lost all their gas, or when they 



l' torn j [“ L* Astronomic ” 

HAILEY’S COMET SEEN FROM PARIS, MAY, 1910 
The Comet is hei c shown m the morning shy, with Wnus and the Moon to the right of it The 
Eigle and Dolphin are shown m the top light hand comer Even a short southward ]ourney 
sufficed to make the conditions foi observing the Comet notably better than m England 
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have been scattered by perturbations over so 
wide a space that its unity and visibility aie 
lost These disrupting causes are most effec- 
tive when a Comet is fairly near the Sun , 
therefore the oftener that a Comet approaches 
the Sun, the shorter the period of its existence 
as a Comet I think, therefore, that we can 
ascribe the great prevalence of long-period 
Comets to the principle of " The survival of the 
fittest ” We are apt to be deceived, on looking 
at catalogues of Comets , we see a considerable 
number of short-period ones among them, and 
we may think that they are in a majority, 
or at least in a strong minority But the short - 
period ones are like a stage army , they 
multiply themselves by their repeated entry 
into our stage , whereas the long-period ones 
make their single entry and are then done with 
!as far as the human race is concerned From 
a study of the catalogues I estimate that some- 
jthmg like 300 long-period Comets approach 
•the Sun m a century I do not think that I 
{ am Over-estimating the average period of broadei and more inregular outline than is usuallv the case 

those Comets whose orbits are indistinguishable fiom parabolas if I put it at 40,000 years, or 400 
centuries This would give one-eighth of a million as the total number of long-period Comets, so 
that they seem to he by fai the most numerous class of objects in the Solar System Even if we 
accept the rather extreme estimate of 50,000 asteroids, they are still outnumbered by more than 
two to one The short-period Comets, even with a generous allowance for undiscovered ones, cannot 
much exceed 100 By far the greater number of them are connected with the giant planet Jupiter, and 
new members of his family are continually being found These bodies have presumably a comparatively 
short career , two of the family, Biela’s and Brorsen’s, are definitely written off as defunct This 
brings us to the second method of cometary dissolution, by the scattering of their constituent meteors 
through perturbations 

The mass of Comets is known to be small compared with that of even the satellites Several Comets 
are known to have passed right through the Jovian system without producing the smallest appreciable 




ORBIT OF HAILEY’S COMET, WITH DATES OF PASSING CERTAIN POINTS 

studied > realise the remarkable change in the Comet’s speed It is no- 
dway between the orbits of Uranus and Neptune, and will remain for thirty-two yeai 
outside Neptune’s orbit It passes aphelion in 1948 


derangement of the 
satellite movements 
This shows that the 
grip of a Comet on its 
constituents must be a 
very loose one, and 
once scattering begins 
it proceeds at an ac- 
celerated pace , for 
henceforward the 
separated fragments 
are subject to different 
perturbations It is 
m this manner that we 
must suppose the 
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meteor showers to have originated The mode of scattering of these is quite distinct from that of 
the tail particles The latter are driven off, not along the Comet's orbit, but in a direction away from 
the Sun , the meteors, on the other hand, continue to travel in almost the same orbit as the Comet 
(see picture, page 427) , they have not been separated by the repulsive force, but by slight differences 
of attractions and perturbations It is noteworthy that all the Comets that are known to be associated 
with meteor showers are of moderate period The periods are Thatcher’s Comet, 415 years , Tuttle’s, 
130 years , the others being seventy-five, thirty-three, and seven years It is evident that repeated 
disturbances are required to draw out the meteors into these long streams How long they are is 
shown by the fact that wc see some Leonids and Perseids every fr*, so that they must form a band 
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From “ Knowledge ’ J [Lowell Observatory 

CHART OP THE EAST VIEWS OF HAILEY’S COMET, 1911, MAY 
The positions shown sue taken from photographs made ,it the Eowell Observatory They were made more than a year after 
the penhelion passage, and the Comet had become very faint It was, however, brighter after perihelion than before, owing to 
the excitation produced by the Sun The Comet will remain invisible till 1985 


round the whole Cometary orbit, a length of many thousands of millions of miles The scattering is 
not uniform, but is much thicker near the Comet Hence the brilliant Leonid displays have recurred 
at thirty-three yeai intervals In view of this disintegration it is not surprising to find that the accom- 
panying Comet has deteriorated rapidly There are grounds for believing that it is the same as a 
Comet seen in China m 1366 , “ its colour resembled that of a handful of meal, and it was nearly as 
large as a tow measure ” In 1866 it was a feeble telescopic object, and could not be found at all 
in 1899 
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From “ Knowledge ”] 

I By permission of the Astronomer Royal 

COMET “C,” 1908 (MOREHOUSE), ON SEPTEMBER 29 

The twisted aspect of many of the tail streamers will be noticed, also the appearance of the stars as lines, produced by the Comet’s rapid 

motion 
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The Aquarids are also distributed round a considerable part of the orbit of Halley’s Comet, but the 
dissolution of this body has not progressed so rapidly It is probably not quite such a fine object now 
as it was in 1066, but it still excited great enthusiasm in southern countries in 1910, so that it must 
have been a much more massive body to start with, or else the Leonid Comet is much older 

Having discussed the manner of the slow dissolution of Comets, we may speculate a little concerning 
their origin Their close association with meteors has been proved , now the latter bodies are found to 
be very complex , some of them consist of iron, others contain nickel, tin, also silicates and other 
mineral compounds A considerable amount of hydrogen and other gases is found in them, which 
suggests an origin in the Sun, or giant planets, where alone in the Solar System hydrogen exists in a 
free state , on Earth it is only found m combination 

A solar origin is naturally one of the first to be tested When we note that the orbit of the great 



From “ Knowledge ”] [Photo by E E Barnard 

COMET, 1908, III (MOREHOUSE) OCTOBER 15, 12m 57s 
Morehouse’s Comet showed very rapid changes in the structure of the tail It here seems to be discarding one tail and 
foimmg another Owing to the Comet’s iapid motion the stars appear as lines 

Comet of 1882 almost grazes the Sun's surface, there is a natural tendency to attribute a solar origin 
to it We know from the phenomena of the solar prominences that the Sun is continually erupting 
torrents of matter with very high speeds , a speed of 270 miles per second would suffice to send the 
matter round the Sun in a circular orbit , if it rose to 382 miles per second the orbit would be parabolic, 
while for any intermediate speed it would be elliptic By combining the observed speed of ascent 
of the prominence matter with the speed of ftpproaph or recession that is indicated by the shift of 
the lines m the spectrum, we conclude that speeds of this order are quite common, so that no difficulty 
arises on that account I feel rather more difficulty from the consideration that the meteonc masses 
that compose a Comet’s head coqld not exist in the Sun in a solid state , the heat would suffice to 
vaporise them The materials would solidify m the cold of space, but as they would be under no 
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mom Knowledge* 


[By permission of the Astronomer Roya 


COMET “C” 1908 (MOREHOUSE), ON OCTOBER 27 
This Comet, though inconspicuous to the eye, was full of interest in the camera The tail is here seen to consist of a number of divergent 

streamers, like Cheseaux’s Comet of 1744 
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pressure, I imagine that the resulting solid particles would be microscopically small, not of the size 
required to form reservoirs for a large amount of gas 

All objects ejected by the Sun would move in orbits that intersect the Sun, except m so far as 
their orbits are modified by planetary action This latter might readily be large enough to change 
the orbit to one just outside the Sun (like those of the sun-grazing Comets of 1680, 1843, 1882, etc ) 
However, the great majonty of known Comets have orbits whose least distance from the Sun is so 
large that we cannot imagine an origin for these by simple solar eruption 

We may, of course, carry our thoughts back to the planetesimal hypothesis, described on pages 
80 to 82 , the existence of Comets was there mentioned as strengthening the hypothesis The 
question, however, arises Can the Comets have existed for so long a period m view of the wastage 
that they undergo ? According to the geologists the date of the approach of the other Sun must 
be put at least a thousand million years ago , in such an interval, even the Comets of longest penod 
would have returned thousands of times, and I gravely doubt whether they could continue to be such 
compact bodies as they appear to be , I 
frankly admit that I have no plausible 
suggestion to offer for evading the diffi- 
culty , it is one of the numerous cases m 
Astronomy (the status of the spiral nebuLe 
is another) in which we must be content 
for the present to record observed facts 
and suggested interpretations, leaving full 
understanding to come at a later date, if 
at all 

If we hesitate to postulate such a great 
age even for the Comets of long period, we 
may, I think, summarily dismiss the 
possibility of such an antiquity for the 
short -period ones, which have to suffer the 
oft-repeated disintegrating agencies of both 
Sun and planets I have already noted 
that the effects of these destructive forces 
are quite manifest even in the short period 
over which observation extends , for 
the Jupiter family of Comets this interval 
is less than two centuries, yet it has 
witnessed the definite demise of Biela’s 
Comet, and the probable demise of 
Brorsen’s and others, which have failed 
to reappear at the times calculated It looks, m fact, as if the life of a Comet of Jupiter's family is 
limited by a few centuries, or millemums at most, instead of thousands of millions of years 

Before giving theories for the origin of the Comet families belonging to the giant planets, it is 
well to describe these families in somewhat more detail , that of Jupiter is much the largest, 
consisting of some fifty members , it is impossible to give an exact number, partly because new 
members are being added frequently (one very interesting member, the Comet Gngg-Skjellerup, was 
added in 1922) and partly because there are possibilities of identity among some of the members The 
periods of revolution range from five years to nine years I am excluding tncke's Co/ et, because 
it is doubtful whether it can be classed as a Jovian Comet Its period is three and one-thud years, 
and its most distant point is ninety million miles inside Jupiter's orbit, so that it does not experience 
very large perturbations at any time , the true members of the family are liable to pass very neai 
Jupiter , m fact most of them have actually done so, and experienced great disturbances of then 



Tram “ Knowledg t ”j [Photo by MeLotte ana Davidson 

COKJRT, 1908, XU (MORKHOUSX3), OCTOBER 30, 7h 47m 
This photograph well illustrates the “ sti earning hair" aspect from 
which the mune “ Comet " was given It am be seen that iht tail 
consists of divergent streamers with dark spaces between 
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orbits Some m fact have penetrated Jupiter’s satellite system , m such cases Jupiter is taken as 
the controlling centre of the Comet’s motion for the few weeks of close pio\imity, the Sun being 
regarded simply as a disturbmg planet It will be noticed that the action ot the Sun on Jupiter is 
taken into account m the tables of its motion, so all that we require to consider is the slight difference 
of the Suns action on the Comet from that on the planet The more interesting mcnibcis of this 
family will be described m detail later 

Saturn has a family of only two members One of them was discovered by Tuttle m 1858, and 
bears his name, though it was found to be the same as one found by Mecham m 1790 It returns 
every thirteen and three-quarter years, and is due in 1926 The other was discovered by Peters m 
1846 , the period thirteen years four and a half months was calculated, but it has never been 
seen again 

Uranus has likewise a family of two, one being Tempel’s Comet of the November meteors, 



-viu±cti±iuuSE;S COMET, 1908, NOVEMBER. 15 ' '' 


Neptune's family „ the most f.f f 7 ° ne month ' tut ”»* seen again 

this is" the one reiy b^”t ComTwlf , 7 f °“’ S, ”“ C °“« ’*>“«■ toil, 

members of the family have been seen at a see (‘ E ' earanafts ara ca P able of prediction Four other 

by Brooks «, 1883, when It was^XZZZZZ mZ 7 (1) P °f' S « ^ 
coma containing a spindle-shaped nucleus § al J ’ v P , d , de a drawm g showing a large circular 

fall, (2) Olbjs of 1815, ZZ t SmSsm ^ B ^ * ** 

m 1819 , and (*) Westphal's of 1852, recovered by MaVan m wTa™ t ^ o "'“ vcrcd hy Metcalf 

and became just visible to the naked eve with a t i ^ “J 91 , 3 ’ 11 Was at first fairl y conspicuous 

naked eye, with a tail three and a half degrees long , but it faded with 
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From * L .dsifoHo/m* ’ 1 

■p »««« [/tylP/v/^so? max Wolf 

I,ARGE SCAIyE PHOTOGRAPH OF MOREHOUSE’S COMET^l 908,^0 VEMBER 16 

^!1 P ii°^°?? P f‘ Sh ? W f* < ? ea ^ 1> th ® se P arat e streamers of the tail, which spread out like a fan We have to assume a repulsive 
force, from the head of the Comet as well as from the Sun, to explain these lateral rays The transparency of thetad issh^ 

by the visibility of some stai images in its brightest portion 
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( surprising rapidity , another member of the family, de Vico’s of 1846, was expected to return in 1921, 

but has not yet been seen As the period is not certain within three years, it may yet be found There 
jj is a seventh Neptune C omet, discovered by Pons and Gambart in 1827 It was not at that time 

f noted to be a short-period Comet, so no search was made for its return about 1890 , a few years ago, 

|j Mr S Ogura of Japan rediscussed the orbit and found a period of about sixty-four years 

' Allusion has already been made on page 108 to the possible existence of other families that may 

I] indicate the existence of undiscovered planets beyond Neptune , the evidence is somewhat indefinite, 

! ! but 11 ma y be of mterest to give the list of the other Comets for which periods of less than 800 years 

!' have been found, noting that in all cases there is an uncertainty of at least two or three years, and the 

longer the period the greater the uncertainty 

The periods of the Comets in any family are in the neighbourhood of half the planet’s period. 




From “ Knowledge" j ...... J 

MOREHOUSE’S COMET, 1908, NOVEMBER 17 [l Mo by Metcalf 

Z22T rhZfi™ ?i USt have , be , cn Sp In 5 on , m the head of 0118 Comet to product the divergent tails and the complicated, 

ever changing aspect of the main tail The bright projection and arch m contact with the head of the Comet oil its upper side 

are due to the presence of a bright star 


or slightly less For each Comet the year of discovery, the name of the discoveru , and the period 
m years are given 1862, Tuttle, 120 years , 1889, Barnard, 128 years , 1917, Hellish, 189 years , 
1857, Peters, 235 years , 1885, Brooks, 274 years , 1905, Giacobmi, 297 years , 1874, Coggia, 306 
years , 1840, Bremiker, 367 years , 1861, Thatcher, 415 years , 1861, Tebbutt, 400 years , 1898, 
Pernne, 417 years , 1793, Perny, 422 years , 1882, Great Comet, 772 years There is room for a 
suspicion of a planet with period a little under three centuries, and another of about nine centuries, 
with possibly one or two between, but the data are indefinite Professor George I'orbes presented 
a paper to the Royal Astronomical Society in December 1908, in which he made the conjecture that 
a planet exists with period 1 ,000 years He suggested that the Comet of 1556, supposed to be identical 
with that of 1264, passed near it about 1702, and was split into four fragments, which were the bright 




Splendour of the Heavens 


413 


Comets of 1843, 1880, 1882, 1887 He gives a list of seven Comets that he supposes to have passed near 
the planet, and been greatly perturbed He is obliged to give the planet the very laige inclination of 
fifty-three degrees , the number of near approaches m the case of such a distant planet seems to me 
beyond what probability suggests , but the suggestion is sufficiently interesting to justify reference 
to it Professor W H Pickering has also drawn up a list of several hypothetical planets, based 
partly on Comet statistics In any case, whether planets are there or not, the Comets themselves 
demonstrate that the Sun’s domain is far vaster than we should judge by considering the planets 
alone , it is demonstrably certain that 
the great majority of the long-period 
Comets recede to more than a thousand 
tinles the Earth's distance from the Sun, 
or thirty times the distance of Neptune 
At that distance the light and heat would 
be only a millionth of that which we 
receive , the Sun would, however, still 
appear ten thousand times as bright as 
Sirius, so that one would have to go much 
farther to get beyond the region where he 
reigns as monarch 

Taking Comets as a whole, the numbei 
of those that go round their orbits back- 
wards, i c , in the reverse dnection to the 
planets, is very nearly equal to that of the 
forward-movers , but when we consider 
those of short and moderate periods, there 
is a great preponderance of direct motion 
There is not a single exception to this m 
the families of Jupiter and Saturn , Uranus 
has one retrograde Comet, 1 em pel’s of 
the November meteors , Neptune lias 
two, Halley's and that of 1827 The only 
other retrograde Comet with a period 
under five centuries is Tuttle's, associated 
with the August meteors Retrograde 
Comets give more brilliant meteor showeis , 
their motion being opposed to that of the 
Earth, they traverse our atmosphere at a 
higher speed, and are raised to a higher 
temperature 

There are two theories to account for 
the existence of the Comet-families of the 
giant planets, the one usually accepted 
is that these Comets were formerly long- 
period ones, which happened to pass noai one of the planets, and had their velocity lcduced and period 
shoitened Since the Jupiter family is by far the lai gest, and since the orbits of its members are much 

better known than those of the others (with a few exceptions), it is suitable to take it as the basis for 
discussing this theory ** 

The velocity of a Comet passing Jupiter’s orbit with parabolic motion is eleven and a half miles 
per second , on the other hand the velocity of a Jupiter Comet when crossing his orbit is only about 
five and a half miles a second Thus Jupiter has to deprive the parabolic Comet of about half of its 



COMlvr, 1908, III (MORUHOUSIi), NOVRMBRR 19, Oh 4m 
I'hcrt arc evidently several different sheaves m the main tail, the 
result of separate emissions 'I he short lateral tails are well shown 
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speed in order to convert it into a member of his Comet family , the orbital speed of Jupiter’s fourth 
satellite, Callisto, happens to be about five miles per second , I am considerably understating the 
case when I say that the Comet would have to pass at least as close to Jupiter as that satellite in 
order to suffer this reduction of speed , it can readily be shown that only about one Comet in half 
a million would pass within that distance of Jupiter The proof is so easy that some readers mav 
like to have it the angular distance of Callisto from Jupiter as seen from the Sun is nine minutes 
or 0 15 degrees . draw a circle round Jupiter with this radius, its area m square degrees is 3 142 
multiplied by the square of 0 15, the product being 0 0707 Now the whole sphere contains 41 253 
square degrees, and 0 0707 goes into this 583,000 times We have already noted in this chapter that 
“““ avera -g e some three Comets approach the Sun each year, it would therefore take aim st 
200,000 years for one new member to be added to the Jupiter family by capture , this is clearly no thin g 
ike enough to balance the wastage, of which we have given evidence, and keep up the supply 
The upholders of the capture theory are conscious of the difficulty, and seek to get round it by supposing 



COMET (MOREHOUSE), 1909, MARCH 20 OBJECTIVE SPECTROGRAM 
ABOVE, SANTIAGO, SPEcJrOGRAM F OE CARBON 

MONOXIDE BEEOW, BY PROFESSOR A FOWEER 
The objective pnsm is very useful for finding the spectra of faint objects like Comets’ 
tails The dose agreement of the bright bands m the orbitarv spectrum with those of 
carbon monoxide was detected by Professor A Fowler 


that Jupiter captures Comets 
not at a single swoop, but by 
successive stages, taking a 
little off the velocity each 
time As I said above, I 
have notably understated my 
case, for when a Comet passes 
close to Jupiter its speed is 
generally being increased for 
part of the time, and di- 
minished for another part , it 
is only the difference of the 
two actions that is finally 
effective , and this is as likely 
to be in one direction as the 
other , a succession of near 
approaches, all of which pro- 
duced diminution of speed, 
would very seldom happen 
Another objection that I see 
to the theory of successive 
diminutions of speed is that 
on that view there ought to be 
Comets with a wide range of 


T . , j ■, ^ period, all passing close to 

Jupiter s orbit , we do not find this in fact , there is a definite limit of period, the largest periods of 
members of the family being eight and a half years , we find nothing between this and the thirteen 
and a half years belonging to Saturn’s family And it should be noted that the short period does not 
m any way ma e or sta llity , if it did, we might look on its prevalence as a survival of the fittest , 
but 7 f VGS addltlonal opportunity for repeated large disturbances by Jupiter 

e * act tdat ,, the members of the Jupiter family have direct motion m all cases appears to give 

retroiad^TnS ^ ? eOTy Practlcall y as man T Com ets would approach the planet with 

retrograde motion as with direct , there is, indeed, the point that those travelling in the same 

direction as the planet would remain longer in its neighbourhood, and so have more time to be per- 
turbed which has some weight , but that out of some fifty Comets there is not a single retrograde 
one !s oo remarkable a fact to pass over, and it cleariy suggests that Jupiter played a different part from 
that of a mere enslaver, and was concerned with the origin of these bodies m a more intimate manner 
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Many of the considerations Jhat I have brought forward Here stated by Mr R A Proctor some 
y years ago , they have therefore been quite accessible to astronomers, who nevertheless have been 
af a rule q uite unaffected by them, so that it is time to state them afresh The con! d IT T 

Tion 6 of a T rt sTTn C d met 18 hmted by "" ^ ^ t0 WhlCh 14 “ SUb ^ Ct * ^ 


Jupiter, was not, I think, so 
fully realised when Proctor 
wrote as it is now It 
serves further to invalidate 
the capture theory, since it 
prevents our assigning to 
these bodies such extended 
lives as that theory de- 
mands 

The theory that Proctor 
put forward as an alterna- 
tive seems to be the only 
alternative to the capture 
theory , it is that the giant 
planets are themselves the 
parents of their Comet fami- 
lies , this view does not 
seem to me to be unreason- 
able , we have a great 
amount of evidence as to 
the energy of the processes 
that are going on in Jupiter 
and Saturn, and by infer- 
ence in Uranus and Neptune 
likewise, though distance m 
their case hinders direct 
observation , even on our 
own Earth we have had 
some striking demonstra- 
tions of the power of vol- 
canic energy It is well 
worth while to study < the 
Royal Society’s Report on 
the eruption of Krakatoa in 
1883 The sounds of the 
explosions were heard 3,000 
miles away , the great sea 
waves travelled J for 
thousands of miles, while 
the air-waves were traced 
several times round the 



'JhTf 7( . COnlehUSt,Cmma) 2 of li 680 (J C Sturm) 3 Comet ofl769 

of r S fl P s ;f Ure Sl ? OWS tht sw °rd-like aspect so often ascribed to early Comets The tail 
of lhe _,1680 Comet w* > remarkably stimght That of 1769 shows two famt d^rgfnt 
tails , These are often seen on photographs. 


carried toTT Tt TTTth’ “T T™ *° T hlgheSt regl0ns of the atmosphere that it was 
entitled to eTctmuch va «t P r P h T caused remarkable sunset glows for more than a year We are 
to be in a much hotter state , “ nvuls * ons m J u P lter > which outweighs the Earth 300 times, and seems 

- 1 dgmg by the very deep envelope of vapours that surrounds it and the 
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rapid changes, on an enormous scale, that are constantly going on In particular I would ask 
the reader to turn to page 28, where the great Red Spot is pictured , I do not m the least endorse 
the suggestion that is there hinted at, that this may be a stage in the formation of a new satellite , 
but when we consider the stupendous outpouring of energy that the spot indicated (its area was 
as large as the whole surface of the Earth) it seems not at all unreasonable to imagine that a 
sufficient amount of solid matter and gas may ha\e been ejected into space to form a new small 
Comet One or two births per century would suffice to balance the wastage, and there are some 
earlier records of markings resembling the Red Spot On Saturn we can point to the remarkable 
white spot that appeared m the temperate zones some years ago , it gave the very long period 
of rotation of ten hours thirty-seven minutes which seems to show that the eruption causing 
it came from a great depth, where the speed of rotation would be slower, owing to the smaller circle 

to be described It seems likely that Saturn 
has other Comets besides the two that we 
know , some might have orbits that did not 
come near enough for us to see them More 
than one observer has noticed that Uranus and 
Neptune show at times a variation of light in 
ten and three-quarters and eight hours respec- 
tively , this doubtless indicates some large 
marking on their surface carried round by 
the planet's rotation, so that here also we have 
some evidence of disturbances 

I shall now discuss the speed of ejection 
that would be necessary to expel matter fiom 
each of the giant planets This may be taken 
with sufficient accuracy as the parabolic speed 
at the surface of each, supposing that its 
attraction is the only force acting The speed 
in miles per second is thirty-seven and a half 
for Jupiter twenty-two and a halt for Saturn, 
thirteen and a quarter for Uranus, thirteen and 
three-quarters for Neptune These speeds may 
appear improbably high , they undoubtedly 
enormously exceed any speeds that we observe 
m terrestrial eruptions , but observation mdi- 
dicates that the phenomena occurring there 
are on a much grander scale than here, and the 
improbabilities seem to me decidedly less than 
those involved in the capture theory The 
ejection theory also explains why we find no 
retrograde orbits m the Jupiter family, while we find a few in the case of the outer planets Jupiter's 
orbital speed exceeds eight miles per second , we should need to reverse this, and to give a speed of 
some miles a second m the other direction The total speed at Jupiter's surface would come up to 
fifty miles per second , this then w r ould seem to be a speed that is not actually attained Oil the 
other hand, the two outer planets have orbital speeds about half that of Jupiter, and the ejection speed 
given above is only one-third of his, so that retrograde motion becomes possible 

When Proctor postulated the planetary origin of these Comets he pictured their birth as having 
occurred in a remote past, when the planets were more sunlike than they are to-day To me such 
a long life of these bodies in a cometary form appears quite unlikely, and I conclude that if the 
planetary origin is true the birth of short-period Comets is still going on, Le Verrier conjectured 




THE GREAT COMET OF 1843, MARCH 17 (AS SEEN FROM B I y ACKHE ATH , KENT) 

This picture shows well the aspect of the long straight tails of the Sun grazing Comets, “ running like a 
road through the constellations,” as \nstotle expresses it The Belt of Orion and Rigd are shown high left , 

I,epus, the Haie, is undei them 




DON ATI’S COMET, 1858, OCTOBER 5 (PAPE) 

The beautiful curved mam tail is well shown It has a large faint extension to the light, which is not 

shown m all the drawings 
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(tins is the correct word to use, though many people say he proved it) that Uranus captured the 
Comet ot the Leonid meteors in a d 126 On the alternative theory this ivould be the date of its 
ejection from Uranus I incline to think that a longer interval is required to effect the scattering 
of the meteors round the entire orbit, which is proved by the annual appearance of some of them 
Neptune would appear to be in a condition favourable for the ejection of large Comets, since 
o members of his family (Halley and Pons-Brooks) are much finer than any of the Jovian family 

This supports Professor Lowell’s view 
that the development of the giant planets 
started from the centre outwards, which 
would explain why the two outer ones, 
though so much smaller, appear to be in 
a similar physical condition to Jupiter 
and Saturn 

The two outer planets, though the 
parents of their families, are no longer 
their controllers Jupiter and Saturn 
have usurped this rdle, for the double 
reason of superior mass and of the 
fact that fairly close approaches to 
them are much more frequent than 
they are with the parent planets Ihe 
effect of these disturbances has been to 
shift the orbits away from those of the 
parent planets, so that close approaches 
cannot now take place , thus while 
Jupiter can alter the period of Halley's 
Comet by two years and Saturn by 
100 days, the efforts of Uranus and 
Neptune are limited to a change of 
a week 

Some people, noticing that the in- 
clination of de Vico's Comet is eighty-five 
degrees, have drawn the conclusion that 
its major axis is inclined at this angle, 
and that it never could have had any 
connection with Neptune , this is a 
mistake , the inclination of its major 
axis is only some seventeen degrees, so 
we have only to go back a few thousand 
years to find its orbit intersecting that of 
Neptune 

This chapter began with a study of 
some particular Comets , having now 
comectured as tn i T given a sketch of what is known or 

The great Comet of 18V| € T ° ng1 ^ return to the special description of particular Comets 
from the fact that it a Ha / a ™ S a lgh P lace > from lts lon £ visibility — seventeen months — and 
orbit Tt iTd alth0U * h ltS nearest *> ^e Sun lay outside the 

seven monUis^kter ZT ^^rgues in March 1811, and reached its full splendour 

S -If W f r" 10 " m,to lon e ■ “ *** * to* round head, wrti, an almost 
stellar nucleus , its penod .s close to 3,000 years, but no record of any prevent return oan be found 



J UK_ 0 July 8 

THE COMET OF 1860, III (CAPPEXLETTI AND ROSA) 
This picture illustrates the fountam-hke jets issuing from the head 
and curving round into the tad under the influence o? the sokr 
repulsive force 
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It is associated with Napoleon's Russian campaign, and also 
popular fancy ascribed this to the Comet, and “Comet port " 

Leaving for the moment the 1835 apparition of Halley's 
of 1843 , it is convenient to describe this tn conjunction 
with those of 1880, 1882, 1887, as they had probably a 
common origin , this is the family of Sun-grazmg Comets , 
their nuclei passed within 400,000 miles of his surface, and 
the cometic envelopes must have actually brushed the Sun 
An enormous sunspot, with intense magnetic disturbances, 
occurred shortly after the passage of the 1882 Comet, 
which Proctor thought was a result of the graze The speed 
of these Comets when near the Sun was 300 miles per second, 
and they swept out eight-ninths of the 360 degrees of their 
orbit in a day, while the remaining ninth requires several 
centuries These Comets were so bright when near the 
Sun that they could be seen at noon with the naked eye 
Their tails were long and straight ( see picture, page 417), 
and their length shortly after perihelion proved the intensity 
of the repulsive force To quote Sir J Herschel “ Its 
tail, whose direction was reversed, and which could not 
possibly be the same tail that it had before had 

already lengthened to about ninety millions of miles, so 
that it must have been shot out with immense force in a 
direction from the Sun, a force far greater than that with 
which the Sun controlled the head of the Comet " As 
regards the heat which these Comets experienced when 
near *the Sun, I quote Sir John again “ Imagine a glare 
25,600 times fiercer than that of an equatorial sunshine at 
noonday In such a heat there is no solid substance we 
know of 'which would not run like water — boil — and be 
converted into smoke or vapour ” The successful photo- 
graphs of the Comet of 1882 obtained at the Cape, and the 
part they played m leading to the great photographic, star- 
map, were described on pages 50-53 

The Comet cf 1680 'was another sun-giazer , it is interest- 
ing as being one of the first whose orbit was deduced by 
gravitational methods The Comet of 1668, and a remarkable 
one m 371 b c , described by Aristotle as “ Running like a 
road through the constellations," probably belong to this 
class but the observations are not precise enough to determine 
the orbits with accuracy 

Donati’s Comet of 1858 made a great sensation , he 
discovered it on June 2, when it had no tail and looked 
sim ply a circular mist , the tail began to develop m mid- 
August, and by the end of September, when the Comet was 
near both Sun and Earth, it appeared as a splendid scimitar, 
with two narrow straight rays that must have been projected 
at a greater speed than the main tail An interesting 
feature was the passing of the Comet over Arcturus ( see 
page 105) , the star shone undimmed through the obstacle , 


w ith a remarkable vintage in Portugal , 
figured m catalogues until the 'eighties 
Comet, the next grand visitor was that 



TELESCOPIC COMETS 
Without nucleus With a nucleus 

When first discovered Comets seldom have 
tails They may or may not have a central 
nucleus 



RORDAME QtT$NISSET COMET, 1893 
While the “ ’Nineties ” produced no brilliant 
naked-eye Comet, theie were several of tele 
scopic interest This one was discovered 
independently by Rordame (Ameuca) and 
Qu&iisset (France) 



DONAII’S COMET 

A very noted Comet with a tail curved like a 
scimitar It was at its bughtest in October, 
1858 
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m a few cases of stars passing behind Comets a slight loss of light has been suspected, also a slight 
shift of the star through refraction by the gases in the head , the amount has never exceeded a second 
of arc 

The Comet of 1861 is interesting because the Earth passed through its tail, as it also did through 
that of Halley m 1910 In neither case did we suffer any inconvenience, but a curious auroral glare 
was noticed m 1861 When the tail was close to the Earth it looked like a widely open fan (see 
page 421), this was an effect of perspective The drawings made by Professor Barnard of the tail 
of Halley's Comet show a similar perspective effect (page 401) The proximity caused the extra- 
ordinary length of that tail, which reached 140 degrees, the longest tail ever seen as regards angle, 
though not m miles 

Wells's Comet of 1882, which passed within five and a half million miles of the Sun, was at that 
time visible in daylight (thus is the rule for all such near approaches) It had a pronounced yellow colour, 



HEADS AND TAIES OF COMETS 

1 Donati’s Comet, 1858, September 2& (G P Bond) 2 Comet of 1861, July 2 (Wanen Dc Ea Rue) 

Nowadays we trust to photography for cometary detail, but before 1881 this was impossible Both the above Comets 
showed much interesting detail round the head, which is only explicable on the assumption that both the Sun and the head 

are concerned in the expulsion of the tail matter 

which the spectroscope explained by showing the bright yellow line of sodium, a substance very widely 
distributed on earth, and well known as one of the constituents of common salt It is probably present 
in most Comets, but does not make its presence known except m near approaches to the Sun In this 
connection it is well to state that Comets are not at a high temperature when at the Earth's distance 
from the Sun , Comet panic-makers, a race that is unhappily not yet extinct, always picture them as 
wrapped in flames , but the glow of their gases is probably akin to that produced m vacuum tubes by 
electrical excitement The passage of the Earth through Comets’ tails m 1861 and 1910 did nobody 
any harm , even collision with the head would probably involve nothing worse than a severe meteoric 
bombardment 

The other bright Comets between 1882 and the present time are sufficiently described m the legends 
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THE GREAT COMET OF 1861 
When this picture was made the tail was very near the 
Earth (which actually passed through it) The wide 
opening of the rays is an effect of perspective The 
“ W ” of Cassiopeia is high right, the Pole Stai at the top 


March 1 2 6, 1835, November 15 9 , 

1910, April 19 7 , 1986, about February 

The return of b c 163 is the only one 
of these for which definite observations aic 
not extant We have, however, the 
reference in Pingre that in that yeai 
(T Gracchus and M Inventius being 
consuls) “ the Sun was seen at night ” at 
Capua and Pisaurus This expression is 
also used for the Comet of Mithridates, 
and appears to denote an object of great 
brilliancy 

The return of b c 12 is of interest 
from its occurrence within four or five 
years of the birth of Our Lord Some 
people have tried to make it the Star of 
the Magi, but it appears to be impossible 
to push the date of the Nativity so far 
back This appearance was followed in 
China in very minute detail , the course 
was through the Twins, Lion, Herdsman, 
Serpent, Scorpion, its motion at first 
being rapid owing to proximity to the 
Earth Dr Hind concluded that its orbit 
must then have been much closer to the 
ecliptic than it is now He gave the 
inclination as ten degrees , it is now 
eighteen degrees 

The return of ad 66 is probably the 
sword of fire mentioned by Josephus as 
suspended over Jerusalem shortly before 
its siege (page 388)* 


under the pictures I therefore pioceed to give 
some further notes on Halley's Comet, in continuation 
of those at the beginning of the chapter A complete 
list of the dates of its return to perihelion will prob- 
ably be useful for reference The earlier dates are 
uncertain by many days, the later ones are known to 
a small fraction of a day b c 240, May 15 , 163, 
May 20 , 87, August 15 , 12, October 8 , ad 66, 
January 26 , 141, March 25 , 218, Apnl 6 , 295, 
Apul 7 , 374, Februaiy 13 , 451, July 3 , 530, 
November 15 , 607, March 26 , 684, November 26 , 
760, June 10, 837, February 25, 912, July 19, 
989, September 2 , 1066, March 25 , 1145, April 19 , 
1222, September 10 , 1301, October 22 7 , 1378, 
November 8 8 , 1456, June 8 2 , 1531, August 25 8 , 
1607, October 26 9 , 1682, September 14 8 , 1759, 




COGGIA’S COMET, 1874, JTJT V Y 13 (F BRODIH 
This picture is notable for the complicated system of “ hoods ” on the 
sunward side of the nucleus , also for the dark central region in the 
tail, seen m mau> Comets, which suggests that the head acts as a sort 
of screen to the region immediately behind it 
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The Comet's course through the heavens in A D 141 was very similar to that in 1066 In 218 
it is mentioned as a fearful flaming star, preceding the death of the Emperor Macnnus 

The return of 451 coincided with the defeat of Attila at Chalons The determination of the year is 
further strengthened by the mention of an eclipse of the Moon on the night of September 26-27 
The revolution between 451 and 530 is the longest on record, being nearly seventy-nine and a half 
years , that between 1835 and 1910 is the shortest, only seventy-four and a half years 

In 607 there appear to have been two bright Comets m the opening months It is not quite certain 
which of them was Halley's, the Chinese descriptions being a little vague In 684 it was described as 
“ like the Moon covered with a cloud ” It passed near the Pleiades (page 389) 

The return of 760 was 
described in great detail in 



* China In fact, Laugier was 
^ ijr , & able to identify the three 

Jf apparitions of 451, 760 and 
1378 with confidence simply by 




the Chinese records , they have 
subsequently been abundantly 
confirmed by computation of 
the perturbations There is 
reason to think that two Comets 
appeared in 837 , Halley's was 
seen in China in March Pmgr6, 
without knowing what Comet 
it was, obtained elements quite 
similar to those of Halley , he 
gave the inclination as ten to 
twelve degrees, tending to con- 
firm Hind’s conclusion that 
the inclination has increased 
A Comet reported in Europe 
in April does not accord with 
the Chinese account , it may 
be a different Comet, or the 
discordance may arise from 
the great inaccuracy of early 
European observations 

We come now to the famous 


the comet op 1881 drawn on June 27 (midnight) by apparition of 1066, five months 
mr w p denning, at bristoe before the Norman conquest 

This di awing was made with a ten inch reflector and shows an interesting senes of r f , , 

more or less parallel bands The parabolic hood round the head is shown This I be Comet was seen Dy tile 

was the first Comet to be successful^ photographed Chinese in Pegasus on April 2 

It was then a morning star, hut moved rapidly east, becoming an evening star in the Twins on 
April 24, its tail then reaching the Plough Finally, it passed on through the Crab into Hydra and 
Crater (the Cup) It was not unnatural that contemporaries saw m the Comet a portent of the 
Conqueror’s campaign, so that it was given a place in the Bayeux Tapestry (see page 390) Hind was 
the first to ide^tify%this with Halley's Comet His predecessors had confidently, but erroneously, 
taken the Comet of 1006 as Halley’s 

The apparition of 1222 was one of the few cases where Hind went wrong He supposed the feeble 
object of July, 1223, to be Halley's , the correct identification was not obtained till the perturbations 
had been carried back to that point The European records aie far from clear, but we can gather from 
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the Chinese ones that the first appearance was in Bootes the Herdsman, whence the Comet passed 
through the Virgin, Scales and Scorpion, disappearing near Antaies 

Pingre, however, misled by some vagueness in the references, stated that the motion was from 
Scorpio to Bootes , this mistake prevented Hind from detecting that it was Halley’s Comet It pre- 
sented an imposing spectacle The Chinese say that its tail was thirty cubits long, its body being like 
the planet Jupiter The European records state that it was of the first magnitude, very red, with a 
long thin pointed tail, stretching towards the zenith " Compared with it the Moon appeared dead , 
it had no more light, and it joined the Comet ” 

The return of 1301 again shows the superiority of the Chinese records , those made m Europe gave 
a misleading idea of the orbit In fact , it was not till 1456 that the European methods show ed superiority, 
but from that point onwards they rapidly improved, while the Orientals remained stationary The 
returns fiom 1456 to 1835 are sufficiently described at the beginning of this chapter, or in the legends 
of the illustrations The 1835 apparition was not remarkable for brilliancy, but many interesting 
phenomena were seen in the telescope by Smyth and Sir J Herschel (who was then at the Cape), (see 



THE GREAT COMET OF 1882 (CIIARI.OIS) 

llus picture shows the nucleus and the nearly straight principal tail enveloped by a much faintci hood This 
apptaiance was also seen in the Comets of 1901, 1910 January 


page 394) The curved hoods round the nucleus were seen, also a luminous sector like that drawn by 
Hevelius in 1682 The 1910 display was exceedingly fine as seen from southern countries, though many 
people m England refused to credit the fact, because the view here was impaired by twilight and low 
altitude The tail reached the prodigious length of 140 degrees, owing to its being so near the Earth , 
its great curvature was shown by its continuing to be visible m the morning sky for two days after the 
head had become an evening star The Comet was followed for fourteen and a half months after 
perihelion, as compared with eight before it, proving that the exciting eifects of approach to the 
Sun continue for some time to increase the brightness Comets are not all alike m this respect, for 
Encke’s Comet is generally easier to see before perihelion than after it, when it becomes large but 
extremely faint and diffused 

A few of the short-period Comets have a sufficiently interesting history to merit a detailed descrip- 
tion Encke’s Comet was seen m 1786, 1795, 1805 by M£cham, Caroline Herschel, and Thulis respec- 
tively , but it was taken for a different object on each occasion , m 1818 the indefatigable Comet-hunter 
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■ Pons found it at Marseilles It was on that occasion well 

observed foi seven weeks , Encke undertook the discussion 
of the observations and quickly found that the orbit 
diffeied markedly from a parabola, being an ellipse of 
quite moderate size He saw the probability of identity 
with the three Comets just mentioned, and by a wonderful 
feat of computing he earned back the planetary perturba- 
tions for thirty-two years m the short space of six weeks, 
thus rendering it certain This achievement led to the 
Comet being called Encke’ s, though he was not the dis- 
coverer This was the second Comet to be recognised as 
October 21 having appeared more than once, and it has much the 



shortest period, three and one-third 
years, of any known Comet After 
three periods, or ten years, the conditions 
of visibility are nearly repeated Re- 
turns in the winter months are the most 
favourable for observation in Europe, 
and it will be noticed that those of 1786, 
1795, 1805 were all winter leturns 
When the Comet returns in our summer 
months, it is only observable in the 
southern hemisphere It has not been 
missed at a single return since 1818, and 
its orbit is therefore very accurately 
known There arc several points of 
interest about it It passes inside the 
orbit of Mercury when nearest to the 
Sun, and occasionally (as in 1835) passes 
near enough to that planet to be con- 


0ctobe ““ siderably perturbed It is from these 

BROOKS’S COMET OF 1893 (IV) , , , , , A ^ , , 

~ . /K _ ' perturbations that the most reliable 

This pair of photographs (by Barnard) shows the shattering of the , £ ,, . _ 

mam tail which occurred between October 21 and 22 The only value OX tllC mass 01 Mercury lias been 

plausible suggestion to account for this is the possible encounter deduced , Backlund found the Value 
betw een the tail and a stream of meteors , , 

one-twenty-seventh that of the Earth, 
ox three times that of the Moon It is well to note that the result of the perturbations only becomes 
manifest m the following return , in this case in 1838 They cause a slight alteration in the speed and 
direction of motion, but it takes time for an appreciable disturbance of the Comet’s position to develop 
Suppose some small mishap to a motor bicycle caused the speed to diminish by one-tenth of a mile per 
hour One minute after the accident the bicycle would be only three yards behind the undisturbed 
position , but five hours later, it w ould be half a mile behind, which would be quite appreciable It was 
a near approach to Jupiter in 1835 that hastened the return of Halley's Comet in 1910 by over a year 
Encke’s Comet shows an unexplained shortening of the period (apart from the calculated effect of 
planetary action) Encke gave the period m 1789 as 1,212 79 days, and in 1858 as 1,210 44days As 
twenty-one periods intervene, the average shortening per period was one-ninth of a day, or two hours 
forty minutes It has been conjectured that this may be the result of retardation by a resisting medium , 
it has been objected to this explanation that other short-period Comets fail to show the effect But the 
difficulty can be surmounted by assuming that the medium does not extend appreciably beyond the 
orbit of Mercury , Encke s is the only one of the short -period Comets that passes sufficiently near to 
the Sun to be affected by it 
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A more puzzling feature has been established by the work of Prof Backhand, who continued the 
minute study of this Comet that Encke had begun , this is that the amount of acceleration in the 
motion has altered at certain dates In 1858 it diminished by a fifth of itself, and again diminished 
by a like amount m 1868 In 1895 it again diminished by twenty-eight per cent , and suffered a further 
loss m 1904 or 1905, when the acceleration fell to one-ninth of its value before 1858 In each case the 
change of velocity appears to ha\e taken place in the neighbourhood of perihelion, and Backlund noted 
that all the changes occurred at times of considerable solar activity, though the evidence is too scanty 
to assert that this is other than a chance coincidence It would seem that the density of the resisting 
medium has diminished at the region where the Comet crosses it , this might arise from the orbit 
intersecting that of a meteor swarm, whose density or the position of its orbit was slowly changing 
Backlund made a suggestion to explain the sudden diminution in brightness of the Comet after perihelion 
It is that the Comet particles are flat, and kept in a particular plane by electrical forces When the 
Earth is in their plane the particles are seen edgewise, and reflect very little light 

The return m 1924 is a favourable one for northern observers, and the Comet will be visible m a 
small telescope , it may possibly be glimpsed by the naked eye, if one knows where to look The 
nearest approach to the Sun will be on October 31 I may mention that I deduced this date by 
making use of the cycle of fifty-nine and a half years, being eighteen revolutions of the Comet, and 
about fi\e revolutions of Jupiter and two of Saturn It follows that the Jupiter and Saturn perturba- 
tions repeat themselves almost exactly, and one is saved the trouble of recomputing them, unless one 
is aiming at extreme accuracy 

Biela’s Comet has already been mentioned, but deserves a fuller description It was seen by 
Montaigne as far back as 1772, and again by Pons m 1805, but at neither apparition was its short 
period detected It was again seen by Biela on February 27, 1826, and by Gambart on March 9 
The French frequently call it Gambart’s Comet, but while the use of the combined title Biela-Gambart 
would be in accoi dance with practice the omission of the former name is not justifiable 

It was observed for eight weeks at this apparition, which enabled its period (six and a half years) 


to be determined, 
and its identity 
with the Comets 
of 1772 and 1805 
established It 
was seen again in 
1832, missed in 
1839 (being badly 
placed for obser- 
vation) and found 
in 1846 to have 
divided into two 
Comets There 
had been earlier 
reports of Comets 
dividing into two 
or more portions, 
but they \\ ere 
less strongly 
confirmed than 
this one, and the 




possibility Of SUCh T HE RORDAME QU&NISSET COMET, 1893 (II) (W J HUSSEY) 

an occurrence had The notable feature of the tail of this Comet is that it is distinctly nanower than the coma Its 

motion among the stars was rapid, hence they appear as lines Various knots can be seen in the 
been scouted by tail Their outward motion gives a measure of the repulsive force 
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the great Cometographer Pingre There were perplexing changes of brightness in the two components 
Both the components were seen again in 1852 somewhat farther apart, hut since that date they ha\e 
never been seen, though meteor showers belonging to the Comet’s system have been observed on 
several occasions, notably in 1872 The oibit intersects that of the Earth, and this fact caused much 
absurd panic in 1832 As a matter of fact the Earth was a month’s journey distant when the Comet 
crossed its orbit, but even if collision had occurred there was no leason to apprehend serious 
consequences 

The Comet Pons-Winnecke (often but wrongly called simply by Winnecke’s name) was discovered 
by Pons in 1819, and at that time found by Encke to have a period of five and a half years It was not, 
however, seen again till it was recovered by Wmnecke in 1858, since which year it has been seen at most 
of its returns, the last being in 1921, when there was again some popular apprehension owing to a fairly 
close approach to the Earth An interesting feature of the orbit of this Comet is the large increase that 
has taken place in the distance of the Comet from the Sun at the point of nearest approach 



After Logboitom J DEI, A VAN’S COMET, SEP1 EMBER, MU horn “ h non ledge" 

,t was discovered nearly a year before its nearest approach It became an interesting object m the telescope and 

t was only its great distance from the Sun that prevented it from being splendid It marked the opening of the M ar 


In 1819 the distance was 72 million miles, not much more than that of Venus , in 1875 it was 

77 million, in 1886 82 million, in 1898 86 million, m 1921 96 million, or two million miles outside the 
Earth’s orbit 


Pons also saw a Comet on two days in February, 1808, which is likely to be the same one It is 
also not quite impossible that it may be identical with one found by Helfenzneder in 1766, and calcu- 
lated to have a period of about five years Its least distance from the Sun was only 38 million miles, 
very little greater than that of Mercury These changes are known to be mainly due to the action of 
Jupiter, to which the Comet has made several fairly close approaches Any person with leisure to 
carry back the computation of perturbations from 1819 to 1766 could settle the question The meteois 
belonging to the Comet were seen for the first time in 1916, when they provided quite a notable display 
a smaller one following m 1921 , previously the orbit had been too distant from that of the Earth to 
permit of their being seen The period of the Comet has lengthened from five and a half to six years 
and another approach to the Earth will occur at the end of June, 1927, when Mr C Merfield calculates 
that it will be only two million miles away As the meteors are scattered on each side of the Comet’s 


Splendour of the Heavens 


427 


track, they may again 
be seen then , but as 
they shaie m the out- 
ward shift oi the orbit 
it would seem that 
this shower is not like- 
ly to be \ lsible for 
moie than a few years 
m the future 

Wolf's Comet 
affords a good illustra- 
tion of the fact that 
the action of Jupiter 

may work in either direction The Comet was first seen in 1884, when it was found by calculating 
back that it had been near Jupiter m 1875 , belore that date its orbit passed so far outside that of the 
Earth that the Comet was too faint to observe The Comet was again ncai Jupitei m the autumn 
of 1922, and, cunously enough, Jupiter seems to have exactly reversed its behaviour m 1875, sending 
the Comet back into its former orbit There is just a chance that powerful telescopes may be able 
to pick it up in 1925, its position being 
known Otherwise it will have to be 
added to the list of lost Comets 

Holmes’s Comet of 1892 behaved m 
an unusual mannei When found it 
was very bright, m the same held with 
the Great Andromeda nebula It must 
have brightened fan ly rapidly, as 
photographs of the region, taken not 
long befoie, failed to show it It then 
commenced to expand, becoming fainter 
as it did so, and at the end of two months 
it was so large and faint that it w^n, 
practically impossible to observe it 
Then, to the surpnse of astronomers, a 
new bright legion appeared in the 
middle of it, which in turn expanded 
and grew fainter We may conjecture 
that something in the nature of an 
explosion, duving the cometary matter 
violently outwards, occurred on each 
occasion The Comet was seen again 
m 1899 and 1906, but never repeated 
its brilliant display of 1892 In 1919 
it could not be found, though its posi- 
tion was favourable, so it probably 
affoids another case of disintegration 
Brorsen’s is the second lost Comet of 
short period It was found by Brorsen 
at Kiel on February 26, 1846 , its 
orbit was proved to be an ellipse with 
period about five and a half years , it 



METEORS IN THE WAKE OF X COMET* 

Besides the tail of a Comet, which docs not lit along its orbit, the Comet 
is followed by an assemblage of meteoric debris It must, however, be 
understood that this is not visible, as the picture suggests The meteors 
cannot be seen unless thev enter the Earth’s atmosphere 



1 1 ro in l * L' Astronomic ” 

1HE SECOND COMI51 OF 1HE YEAR HOI 
Ihis Comet, which appeared about Chustnias, 1)01, in the Watci man and the Pishes, was 
apparently not that of Halley, which appeared m September, 1301, and followed a course very 
similai to that m 1007 (See the lower hguic, page )92 ) 
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was well placed for observation at alter- 
nate returns, being missed in 1851, seen 
in 1857 (fairly bright and large), missed m 
1862, observed m 1868, 1873 and 1879 , 
m the last return it was bright enough for 
observations of its spectrum to be made , 
this was of the usual hydrocarbon type 
It has ne\er been seen since 1879, though 
it was carefully sought for in 1890, when 
its position as calculated was quite favour- 
able There was no very close approach 
to Jupiter about this time to account for 
the disappearance It must have been 
near Jupiter in 1842, before it was dis- 
covered, but another close approach is not 
due till 1937 Its disappearance illus- 
trates the general fact that we cannot 
predict that any of the short -period Comets 
will actually be observed m a particular 
year , in several cases, even when the 
perturbations have been calculated, and 
the conditions seem favourable, search has 
been made ih vain 

The latest addition to the Jupiter 
family is the Comet Gngg-Skjellerup Mr 
John Grigg, of Thames, New Zealand, 




FORM OF COMFTAI^Y ORBITS 
Several cases of all of the above forms of orbit are known, 
though the hyperbolic ones are almost indistinguishable 
from the parabolic Near the Sun the shapes of all three forms 
are similar, so observation over a fairly long arc is necessary 
to decide the character of an orbit 


Drawn r H C Wilson 

THE COMET FAMILIES OF S\TURN, URANUS, AND NEPTUNE 
The picture shows how the apheha of the Comet orbits are grouped 
neai the orbits of the parent planets Satuin has two Comets (1 uttle 
and Peters), Uranus two (Tempel and Coggia), but Neptune has seven, 
that of the 1927 Comet not being shown Halley’s is a splendid Comet, 
by far the grandest of all the periodic ones, while the Pons Brooks 
Comet is also interesting Five of the Neptune Comets have been seen 
at two apparitions, at least 

found a faint Comet in Virgo on July 22, 1902 
He sent a telegram to Melbourne Observatory, 
but this was delayed for some reason, so we have 
no observations except the discoverer's, which are 
unfortunately very rough, and extend over only 
twelve days They were quite inadequate to show 
the ellipticity, and a parabolic orbit was assumed 
However in May, 1922, Mr Skjellerup found a 
Comet at the Cape of Good Hope , when it had 
been observed for some days Messrs Crawford and 
Leuschner, of Berkeley, California, deduced that it 
had a short period, and conjectured that it was 
identical with Gngg's Comet of 1902 , subsequent 
calculations by Mr G Merton, utilising" some 
photographic observations made at Greenwich 
two and a half months after the discovery, made 
the identity almost certain The Comet had com- 
pleted four revolutions m the interval, its period 
being five years less eleven days The Comet 
should be seen again in 1927, at about the same 
time as the Comet Pons-Wmnecke , its penod is 
the shortest of any known Comet, with the 
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exception of Encke’s Another Comet of interest is that of Giacobim, discovered m December, 1900, 
and found to have a period of six and a half years It was seen again m 1913, and may be expected 
again in the autumn of 1926, when it will be near the Earth , this is one of the Comets that may be 
expected to give a meteor shower, owing to its orbit passing near the Earth's position m October 
A Comet found by Neujmm on September 6, 1913, has a period of eighteen years Its appearance 
was unusual , it frequently showed no nebulosity, and looked exactly like an asteroid , however, on 
September 24 a short fan-shaped tail was photographed at Heidelberg 

Some explanation may be given of the method by which a Comet’s orbit is deduced from the obser- 
vations Three observations are required to obtain an orbit , each observation consists of two elements, 
which are called Right Ascension and Decimation, corresponding exactly with longitude and latitude 
on a terrestrial map We thus have six observed quantities, which conjoined with the times of obser- 
vation enable us to deduce the six elements of the orbit , these are (1) the time of passing perihelion, 



| 1 ( D Crommhn 

\ B nocn Y OF COMETS IN PARABOLIC ORB11S 


The parabolic curve is familiar as bcmg the course of a rocket or a jet of water fiom a hose Most Comets have xppicuably 
parabolic orbits The velocity in such an orbit is the resultant of two equal constant velocities, one perpendicular to the axis, 
the other perpendicular to the line joining Sun and Comet At the vertex A the tuo components aic m the same direction, 
so the resultant velocity is greatest here, and gets steadily smallei as wc pass away from this point 

(2) the direction of the perihelion point looking from the Sun, (3) the direction of the ascending node 
or point where the Comet crosses the plane of the Earth’s orbit from south to north, (4) the inclination 
or slope of the orbit to that of the Earth, (5) the distance from the Sun at perihelion, (6) the period of 
revolution, or the eccentricity , we can deduce one from the other when we know (5) 

In the case of an elliptical orbit we need all the six observed quantities , these in some cases yield 
one solution, and in others two solutions , but if we commence by assuming the orbit parabolic (which 
is generally done in the case of new Comets), we treat (6) as known, the eccentricity being unity and 
the period infinite , we then need only five observed quantities, and the accuracy with which the sixth 
quantity fits in with the deduced orbit is a test as to whether the orbit is really parabolic , hut it is not 
safe to assume an elliptical orbit from a short observed arc, as the discordance may simply arise from 
want of precision m the observations A Comet is frequently ill-defined, and difficult to observe 
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accurately Without entering into 
mathematical details we may note that 
the distance of the Comet from the Sun 
is deduced from the curvature of the 
observed arc, that is the amount by 
which the three observed positions, 
when plotted on a diagram, deviate 
from a straight line Part of the cur- 
vature is due to the fact that the Earth 
from which our observations are made, 
is itself following a curved path round 
the Sun A trial-and-error method is 
generally necessary to separate the cur- 
vature due to this source from that due 
to the Comet itself 
Lambert deduced an elegant theorem 
if the observed arc is concave towards 
the Sun, then the Comet is nearer the 
Sun than the Earth is , if the arc is 
straight, the distances of Comet and 
Earth from the Sun are equal , if it is 
convex towards the Sun, the Comet is 
the more distant This test fails if all 
three positions lie on (or very close to) 
the ecliptic , in that case the plane of 
the orbit agrees with that of the Earth's 
orbit and the arc appears straight at all 
orbit elements, which are deduced from 
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A HYPERBOLIC ORBIT 

The study of Orbits is incomplete without including the hypeibola A 
few Comers move m hyperbolae, which are, however, much closer to 
parabolae- than the one in the picture The tail matter of Comets describes 
the convex branch, under a repulsive force from the Sun The distant 
part of the curve practically comeides with the asymptotes 

distances We then need a fouith observation to find the 
the change of rate of motion of the Comet, instead of the 



DIAGRAM ILLb Si RAPING THE METHOD OF 
DISTINGLISHING A MOVING NEBULOUS OBJECT 
IN A FIELD OF FIXED STARS 
Sometimes objects, suspected of being Comets, are leallv 
nebulse, statiouan among the stars A Comet, if watched, 
will be seen to mo\e through the stars, as shown bj the 
arrow This test should be applied wherever possible 


curvature, which is now zero 

There are now very few astronomers engaged m 
the search for new Comets, and this may be recom- 
mended as a hopeful field of work for the amateur 
who possesses a small telescope He should use Ins 
lowest power, and sweep by preference over the low 
western sky just after dark, and the low eastern 
sky just before the dawn A Comet may, however, be 
found in any region of the heavens In cases where a 
tail is present, the cometary nature of the body may 
be at once manifest , but in most cases a new Comet 
appears as an ill-defined misty patch, and there is 
danger of confusion with nebula In these cases no 
definite announcement should be made until the 
object has been seen to move among the neigh- 
bouring stars A careful diagram of the field should 
be made, and repeated an hour later The observer 
must not be deceived by the apparent rotation of the 
field produced by the diurnal motion A star that is 
high left of another east of the meridian will appear 
high right after passing the meridian This change 
corresponds to a page of a book being slowly turned 
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round , whereas the change lequired to prove the cometary character of the body corresponds to one 
letter on the page slipping out of its place m a word 

If the disco\ery is confirmed observed motion, prompt and full information should be sent to 
official astronomers , the discoverer, if first in the field, will have the satisfaction of having his name 
permanent!} attached to the body There are now no exceptions to this rule, though m the past there 
are some cases where the names of men who have made extended researches on a Comet are substituted 
for the actual discoverers Haller’s and Encke’s Comets are examples 

FALLING STARS 

B\ W F Denning, FRAS 

That branch of Astronomy relating to objects variously known as Fireballs, Bolides, Meteors, and 
Falling Stars is a modern one so far as its systematic study is concerned For ages and ages the 
sk\ had given striking evidence of these brilliant but transient phenomena, and they were sometimes 
commented on but regarded with superstitious awe, and mistaken in their meaning and character 
They were supposed to be atmospheric in origin and due to the ignition of columns of gases generated 



Drying by] [W F Denning 

MOVEMENT OF THE PERSEID RADIANT DURING JUDY AND AUGUST 
The members of a stream of meteors move in parallel paths, but the Earth, during the weeks of its passage through a broad 
stream, is constantly altering the direction of its motion as it revolves lound the Sun The effect of this is to make the meteors 

appear to come from a slightly different point each night 

m the air Men had, however, made these assumptions based on imperfect knowledge, and had 
commenced to theorise before they had sufficiently observed 

Thus Meteoric Astronomy remained m a practically neglected and uncultivated condition until 
about one-third of the Nineteenth Century had passed Then, in 1833, fortunately one of those 
brilliant and rare celestial spectacles — a great meteoric storm — occurred which made people stop 
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and wonder Thereafter, it engaged the thoughtful attention of mankind and brought the dawn 
of a new and more reliable Meteoric Astronomy Heis, Coulvier-Gravier, and their contemporaries 
began to make habitual observations of a more exact and extensive nature than had been hitherto 
attempted, and gradually the truth began to be realised that Falling Stars belonged to the domain 



of celestial phenomena 
and came from outside 
space to be consumed 
m our atmosphere as a 
result of its resistance 
to their violent impact 
They were seen to be 
small planetary bodies 
moving m orbits around 
the Sun, and Schiapar- 
elli’s discussions soon 
proved that they were 
allied to comets and 
really manifestations of 
these bodies in another 
form Falling Stars 
were henceforth re- 
garded as an important 
and attractive branch 
of Astronomy One of 
the most striking and 
vivid aspects of Nature 
is presented when a 
large Meteor bursts 
upon the view Night 
is transformed into day 
for a moment as a 
globe of light, electric 
m its dazzling inten- 
sity, glides athwart the 
firmament A stream 
of sparks follows it, but 
the whole apparition 
quickly dies away, 
leaving the shades of 
night blacker than be- 
fore from the effects of 
contrast 


TERRSSTRIAIy PERSPECTI\ E 

In the interior illustrated above the lines which recede fiom the observer appeal to converge 
towards one spot, known to artists as the “ vanishing point ” Actually, of course, these lines 
are all parallel and maintain constant distances from one another , their apparent convergence 
is only an effect of the position of the observer 


People have won- 
dered m all ages what 
these great celestial 
bombshells are and how 


they come to make such lustrous displays on the deep azure of our nocturnal skies Science answers 


that they axe the stone, or stone and iron, fragments of wasting cometary systems revolving around 
the Sun and encountering the Earth in her orbit Dashing into her atmosphere at a velocity differing, 
according to the conditions, from forty-four to eight miles per second, they become heated as 
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CEI/ESTIAIy PERSPECTIVE 


{W, F Dinning 


The members of a showei of meteors appear to move radially outward from ,a common centre, like the spokes of a wheel In 
reality all are moving m parallel paths and their apparent divergence is amleffect of perspective Much the same effect would 
be obtained by placing a camera among a number of telegraph wires and taking a photograph of the nearest post As a rule, 
the meteors composing a shower appear at intervals, one by one, but occasionally (as in 1833 and 1866) a large number appear 
together, and the effect illustrated above is then strikingly brought out, 
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a result of air resistance Incandescence occurs and so the rushing fireball develops its transient 
glories, and sometimes its terrifying explosions are heard in the stillness of night Our atmosphere 
is our protection Myriads of Meteors pour into it every hour, yet only one of millions can penetrate 
right through the vaporous envelope and hurl itself to the ground In the fiery ordeal to which they 
are subject nearly all of them perish far above the Earth’s surface and are reduced to the dust out 
of which they had their being 

A Fireball seen on November 23, 1877, caused a deafening sound which was computed by Colonel 
Tupman to be at least one hundred times greater than a peal of thunder 

We may hold a Meteorite m our hand and look upon a [wonderful object which, for millions of 
years m the past, had perhaps been circulating not only among planets and comets, but far outside 
the boundaries of our Solar System 

Possibly the great clouds and streams in which they revolve were originally ejected from planets 

or remote 



THE CAPTURE) OF THE LEONIDS 

Calculation shows that m the year ad 126 the swarm of meteois which we now know as the I*comds made 
a very close approach to the large planet Uranus, whose gravitational attraction entirely altered the size 
and shape of their orbit round the Sun The direction of motion was also changed, and the meteors now 
revolve in a direction opposite to that of the planets Since the year 126 the shape and size of the orbit have 
not cha n ged much, but it has shifted round bodily in an anti-clockwise direction 


stars In 
any case 
s p a ce is 
teeming 
with them 
and we know 
not their ex- 
act source or 
ultimate 
destiny In 
the bright 
flash which 
attracts the 
eye in the 
darkness of 
a midnight 
hour, we 
only per- 
ceive the 
ignition 
and collapse 
of a little 
planetary 
world 1 
Early 
historical re- 
cords of Me- 
teors do not 
materially 
help modern 
m vcstiga- 
tions, as 
they were 
usually im- 
perfect and 
inaccurate 
Ancient 
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leferences to certain 
remarkable star- 
showers have been o± 
some little service, 
however, and Her- 
Tick and Quetelet 
were successful in 
forming lists of these 
and thus guiding and 
assisting enquiries as 
to past periodical re- 
turns of the Lyncls of 
April, the Perseids of 
August, and the Leo- 
nids of November 
Chronicles of formei 
meteoric displays 
though quaint, vague 
and imperfect m cer- 
tain respects, fur- 
nished the dates and 
proved that Perseids 
m past times came m 
July and Leonids in 
October 

Biot discovered in 
the Matuanlm (an 

ancient Chinese record of events) sixteen falls of Aerolites for the interval between the middle of the 
Seventh Century b c and the year 333 of our era, whereas Greek and Roman writers only mention 
four of these phenomena 

Humboldt, m his “ Cosmos,” made some interesting references to meteoric history, and gave some 
useful advice which might well be considered at the present day " The progress of our knowledge 
concerning igneous meteors will be the more lapid the more impartially facts are separated from 
opinions, so that, while carefully sifting or testing all alleged particular facts, on the one hand, we 
may not, on the other, fall into the error of rejecting as bad, or as uncertain observations, whatever 
Tesults we are not yet able to explain It appears to me most important to separate physical relations 
from those geometrical and numerical relations which admit, generally speaking, of more certain 
and assured investigation ” 

The Chinese, Chaldeans, and others among the ancients, must have frequently noticed striking 
examples of falling stars and fireballs, though they misunderstood their meaning and failed to realise 
their importance The Chinese, fortunately, made it a practice to record notable events m registers , 
and we have to thank them for the oldest descriptions of meteouc falls Ihese date back to 644 years 
before the Christian era 

The views of old natural philosophers regarding these phenomena were not always crude and 
erroneous, for Plutarch, m the “ Life of Lysander,” says “ It is a probable opinion which was held 
by those who said that shooting stars are not emanations or overflowings from the ethereal fire 
which become extinguished m the air immediately after being kindled, and that neither are they 
produced by ignition and combustion of a quantity of air which has detached itself from the upper 
regions, but rather they are heavenly bodies which fall or are cast down m consequence of an 
intermission or irregularity of the force of rotation and are precipitated not only on inhabited countries, 



II IK IvKONID KXDIANT 

The met lois recorded on the stai map above woe observed at (rieemvich timing the great showei 
of Keomds which ocemrred on 18H0, Novcmbu n So many meteors were seen on that night 
that there was only time to record the brightu ones It will be seen that all appeared to divcige 
from the same aica m the Sickle of l,to 
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but also m greater numbers, beyond these into the great sea so that they remain concealed ” 
(Humboldt, Physical Description of the Heavens, 1866 ) 

It is certam that though observational facts were few and could afford little help to reliable 
conclusions, yet some of the ancient philosophers had a sound and far-seeing judgment in interpreting 
correctly some of the most marvellous operations of Nature 

The great Meteoric Stone which fell at ^Egos Potamoi, in 468 b c , was a grand phenomenon 
which much affected the Hellenic races and directed their philosophers to a closer study of natural 
1 events of this character The Meteor fell on the same ground as that on which, m 406 b c , a battle 
was fought and won by Lysander over the Athenians, and this defeat marked the end of the 
Peloponnesian War 

Schmidt, Baden-PoweU, Herrick, A S Herschel, and many others maintained the work of the 
earher pioneers and continued to accumulate observations and discuss phenomena But researches 
were rendered difficult by the transitory nature of the objects and the necessarily hurried and 

imperfect observations obtained of them 

There are comparatively few astronomers, 
either professional or amateur, who cultivate the 
meteoric branch They evidently do not regard 
it as an attractive study In any case, it does 
not appeal to them sufficiently to enlist their 
practical sympathies, and so it has been com- 
paratively neglected m recent years A few 
ardent observers have, it is true, continued to 
devote themselves to the subject, and two 
English ladies, Miss A Grace Cook and the late 
Mrs Fiammetta Wilson, endeavoured to arouse 
more enthusiasm m this field of work both by 
practical example and advice, and it is hoped 
that this department may ultimately profit to 
the extent it so well deserves 

There is no question that the study of 
Meteors and their various phenomena offers the 
prospect of important discoveries and striking 
developments m the extent of our knowledge 
m the immediate future Much has already been 
accomplished, but much more remains to be done 
It may be correctly described as a young section 
of astronomical enquiry, for its suitable investi- 
gation has been proceeding for less than a century The pioneers m this branch adopted the best 
method of recording Meteors and initiated the derivation of their radiant points, for it was soon recog- 
nised that the luminous flights of these objects were not all discursive and at random in the firmament, 
but that they had certain definite centres of divergence Thus, the Meteors which had long been 
known to fall abundantly m the first half of August were seen to* emanate from Perseus , m other 
words, their paths if earned back m the same line of direction, mtersected m Perseus Similarly, the 
very plentiful displays of Meteors which had been witnessed m the second week of November were 
observed to have a community of ongm, the focus of their radiation being m the Sickle of Leo 
Heis and Schmidt determined a number of these radiant points and found they were very 
numerously scattered over the celestial vault, though mostly produced by showers of feeble 
character The systems of August and November were evidently of very special richness and 
character among the host which indicated their presence at all seasons and m every part of the heavens 
As Heis and others of his time brought the awakening dawn into this branch of Astronomy, so 



PATHS OF METEORS FROM ONE “ RADIANT ” 


As each meteor is observed its path is drawn on a chart of 
special type, like that shown above The tracks thus marked 
are then produced in a backward direction and are, in the 
case of a definite “ shower,” found to intersect in one small 
area, known as the “ radiant point ” 



Splendour of the Heavens 


437 


may Schiaparelli and his contemporaries a generation later be said to have introduced that greater 
illumination of the subject, which has pieceded the fuller light to be finally expected from present 
and future investigations 

The following is a list of a few of the chief Meteoric displays of the year — 


Name of Shower 

Date of Maximum 

Radiant Point 

Appearance ol Meteors 

Quadiantids 

Januaiy 1 

~ a 8 

230° + 5> 3 

Slowish, long paths 

L\ rids 

April 21 

270° + 3 V 

Swift, streaks 

/) Aquands 

May 2-6 

m° - 2’ 

Swift, very long paths 

Diacomds 

June 28 

228* + 54 3 

Veiy s 1 o w, short paths 

8 Aquands 

July 28-30 

m° - 12° 

Slow, long paths 

a Capncoinids 

July 25- August 4 

10 V - 10° 

Very slow, bulliant, long 

Perseids 

August 11 

45° + 57° 

Swift, stieaks 

Onomds 

October 10 

02° + 15° 

Swift, streaks 

Leonids 

November 1 1-15 

151° + 2i° 

Very swift, streaks 

Andromedids 

November 17-27 

25° + 41° 

Very slow, short, tiamed 

Gemimds 

Decern bei 11-12 

110° + 

Swift, white, shoit paths 


The figures m column 3 under the Gieek letters a and 8 denote the Right Ascension and Decimation 
(which arc analogous on a map of the sky to latitude and longitude on a map of the Earth) of the point 
m the sky from which the Meteors appear to radiate 

Nearly all the Meteors that enter the Earth's atmosphere aic dissipated by volatilisation at the 
high temperature attained But very occasionally one survives, as already stated, and gets right 
through the obstructing air strata to alight upon the 
ground It does not reach it with the same planetaiy 
speed it originally had, but with greatly reduced velocity 
due to atmospheric resistance, etc Its linal descent is 
made at a speed scaiccly exceeding that of a terrestrial 
body falling from a height In fact, when spent Meteors 
usually reach the Earth their directions are nearly or 
quite perpendicular, and the motion is reduced to 400 or 
500 feet per second 

In the cases of several falls, the objects penetrated 
the soil to only twelve or eighteen inches, and it was 
possible to calculate their speed prior to alighting 

The Meteontes which have fallen m the United 
Kingdom during the last 130 years, and arc thoroughly 
well-attested, include the following — 

Wold Cottage 56 lbs 

Taunton 2| lbs 

Aldsworth 1 lb 2 

Rowton 7£ lbs 

Middlesbrough lbs 

oi lbs 


1795 (December 12) 
1830 (February 13) 
1835 (August 4) 

1876 (April 26) 

1880 (March 14) 
1902 (September 13) 
1914 (October 13) 
1917 (December 3) 


ozs 


Ciumhn, Ireland 
Appley Bridge, Wigan 33 lbs 
Perth, Scotland 38 lbs 

(4 pieces) 

From these figures the average rate of fall would appear 
to be about one in every sixteen years, but the period 
is not long enough to yield a reliable deduction 



THE ORBIT OF THIS LEONIDS 
This diagram shows the lelations of the Iyeonid 
oibit to those of the Earth and other planets 
It was shown by Schiaparelli and others that the 
Comet discovered by Tempel m 1865 moved round 
the Sun m the same pith as the I y eomds 
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It is obvious that a great many Meteorites must descend upon our globe (either on land or sea) 
without being observed at all By far the greater area of the Earth is covered with water, and much 
of the land portion is sparsely inhabited, so that falling bodies would generally elude notice People 
show a disposition to congregate m towns and leave vast tracks mere " country-side ” 

These bodies are described according to their chief composition, viz Stone — Aerolites 
Iron = Sidentes , Iron and Stone = Siderolites The all-iron Meteorites are rare and not many 
instances are known The Rowton Meteorite, of April, 1876, was of iron, and reckoned as only the 

seventh example ever seen to fall 

Such of the Meteors as reach the Eaith aie 
ol low velocity and belong to streams over- 
taking our globe They usually have long 
horizontal flights The swifter class of Meteors 
are dissipated m the higher atmosphere, so that 
fragments of the August Perseids or November 
Leonids have never fallen to the ground The 
very slow Meteors (the Andromedids of 
November) appear to have yielded only one 
certain instance (November 27, 1885) 

Notwithstanding the great numbei of Comets 
and of Meteoric Systems observed, there are 
not many striking and thoroughly proven 
instances of identity or accordance There are, 
however, a fair number where the facts suggest, 
if they do not prove, absolute agieement, and 
m the table of twenty on page 440 the abbre- 
viation 

^ ” means accurate or accepted agreement, 
while 

“ p ” refers to probable or possible ones 
Except in one instance the observations were 
made at Bristol 

In former times, when little was certainly 
known about Meteoric phenomena, and when 
incoirect views prevailed as to their meaning 
and influences, it is not surprising that people 
were often alarmed at unexpected visitations of 
fiieballs, or falling meteoric stones, or metal 
One of the ancient Empeiors had a sword forged 

photograph op a xeonid a mass oi meteoric iron which fell in his 

This meteor, photographed on 1901, November u, was a dominions, and this was regarded as a sacred 
member of the famous Ecomd swarm It was travelling almost and infallible weapon of defence It IS COn- 
directly towards the camei a , hence the appaient shortness of j j , ,, n 

its path The interruption of the latter shows that the meteor Slderecl probable by many that the “ image 
was less bright in the middle than at the beginning and end of that fell down from Jupiter” Worshipped m 

its flight It was moving from left to right , i , , , J; . 

the temple of Diana at Ephesus, was in reality 

a large Meteorite In the Seventh Century a stone fell which was built into the north-east corner 

of the Kaaba at Mecca, and afterwards woi shipped by the Moslems One of the most remarkable 

incidents of this nature occurred at Ensisheim, m Alsace, on November 16, 1492, at noonday, 

when a Meteorite of 260 lbs weight fell with loud detonations like thunder 



I 



Photo by] L W J S Lockyer 

PHOTOGRAPH Oh A BRIGHT MF/1T50R 

This is one of the finest photogiaphs of a meteor ever secured, mid was taken at Sidmouth on 1 922, November 1 0 The camera 
used was pointed towards the Celestial Pole and the plate was exposed foi two hours fourteen minutes During this time 
the rotation of the ISaith eaused the stars to leave curved trails, with their centies at the Pole The shoil bright trail just 
above this central point is that of Polaris It will be noted that the meteor was subject to marked fluctuations of brightness 
at diffcienl poitions of its path It is belic\cd to have ougmated from a lndmnt m Taurus 
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THE DRIFT OF A METEOR TRADE, lW * Den "' ne 

shows the position and shape of the trail at intervals of ten minutes 

Accordances in Cometary and Meteoric Radiants 


Dates of Meteors 


Comet 

Date of Nearest Computed 

Observed 

" i 

Approach Radiant 

Radiant 


P 1746 
P 1847 I 
A 1861 
a Halley 
F 1618 III 
F 1781 I 
F 1850 I 

A 1921, Pons-Wmnecke 
p Brooks 
1822 III 
f 1770 II 
f Lexell 
P Morehouse 
F Denning 
A 1862 III 
p 1871 
p Daniel 


Feb 25-Mar 8 
April 11 
April 20 
May 4 
June 10 
June 14 
June 23 
June 25 
June 28 
June 30 
July 13 
July 8 
July 5 
August 4 
August 10 
August 20 
Sept 12 


a 6 
33° + 33° 
231° + 27° 
270 i° 4 - 33° 


338° + 57° 
313° + 60° 
219° + 55° 
15° + 29° 
342° + HO 
349° -f 12° j 
276° - 21J° 
28° 

303° — 10 ° 
44° -f 57° 
3° -f 47° 
347° 4 - 3° 


a 6 
33° 4 - 36° 
231° 4 - 27° 
271° 4 - 33° 
337° — 2° 
273° - 1 ° 
335° 4 - 57° 
312° 4 - 61° 
228° 4 - 54° 
16° 4 - 30° 

343° 4 - 12° 

282° — 24° 
3° 4 - 27° 
303° — 10° 
44° 4 - 57° 
6 ° 4 - 46° 
346° 4 - 2 ° 


Feb 20-Mar 1 (16 meteors) 

April 13 (Schiaparelli and Zezioli,) 
April 20—21 Many Lyrids 
April 30-May 6 Many Aquands 
May 26-June 13 (14 meteors) 
June 10-28, 1887 (16 meteors) 
June 5-23 (17 meteors), 

June 28, 1921 (7 meteors) 

July 1-30 (24 meteors) 

July 9-13, 1921 (21 meteors) 

June 8-29 (14 meteors). 

July 6-17 (15 meteors) 

July 21-August 6 (51 meteors) 
August 10-12 Many Perseids. 
August 20-25 (14 meteors) 

Sept 8—17 (26 meteors). 
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Accordances in Cometary and Meteoric Radiants — cont 


Comet 

Date of Nearest 
\pproach 

Computed 

Radiant 

Observed 

Radiant 

Dates of Meteors 

p 961 

1580 

p 1842 II 
p 1739 
p 1582 
a Tempel 
p 1784 I 
a Biela 
p Pemne 
p Pons 

p Mecham-Tuttle 

j 

Sept 13, 27 
Oct 16 

Oct 21 

Oct 22 

Nov 0 

Nov 13 

Nov 20 

Nov 27 

Nov 29 

Dec 6 

Dec 20-21 

7 8 

b2° - 13° 1 
Gl° - 17° J 
81° + 57° 
157° + 39° 
89° + 36J° 
150J°4- 23J° 
140J°- 18° 
25° + 42J° 
298° H- 26° 
200 ° + G 8 J° 
220° + 76° 

a B 

Cl° — 11 ° 

78° + 57° 
155° + 40° 
86 ° -j- 31° 
150° -f- 23° 
148° - 12° 
25° -f- 43° 
302° -f 24° 
204° 4 . 69° 
218° H- 76° 

Oct 23-Nov 4 (7 meteors) 

Oct 14-20 (35 meteors) 

Oct 1G-22 (18 meteors) 

Nov 9-12 (33 meteors) 

Nov 11-15 Many Leonids 

Nov 13-15 (Suspected ) 

Nov 27, 1872-85 ManyAndromedids 
Dec 1-9, 1917 (12 meteors) 

Dec 8 , 1884 (18 meteors) 

Dec 21 (7 meteors) 


In addition to showers of Falling 
Stars, there arc showers of Stony 
Meteorites These occurrences represent 
the break up of a large Meteor, and its 
distribution (when it falls) over a con- 
siderable area But occasionally it may 
well represent a cluster of Meteors, for 
these bodies sometimes travel m multiple 
fashion and when disintegrating may 
throw their unconsumed fragments over 
an elliptical region having nearly the 
same line of direction 

On April 26, 1803, at L'Aigle, France, 
between 2,000 and 3,000 stones fell and 
created consternation among the in- 
habitants of the district On May 22, 
1808, at Stanwern, Austria, about 200 
stones descended, but this was trifling to 
certain other experiences 

On January 30, 1868, at Pultusk, m 
Poland, and again on February 3, It 82, 
at Mocs, Hungary, about 100,000 small 
stones fell As recently as July 19, 1912, 
a cloud of about 14,000 stones fell m, 
Arizona 

The surprising nature of these novel 
events may well be imagined, for people 
are not prepared for and rarely under- 
stand the meaning of such strange and 
starthng visitations On December 17, 
1917, a Meteorite fell at Perth, Scotland, 
after breaking into four pieces, with a 
thunderlike noise, and this represents a 
similar event, though on a more limited 
scale, to those previously narrated 



PJl ° t0 by\ [E £ Barnard 


PHOTOGRAPH OF A METEOR IN FLIGHT 
Photography gives an accurate idea not only of the apparent position 
of a meteor’s path m the sky, but also of the relative brilliance of the 
body at various stages m its flight In the photograph above the 
waxing and waning of the meteor’s brightness is clearly shown, and 
also two short revivals of incandescence at the end of the path, near 
the top of the picture 
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This trail, left by a bright meteor on 1916, July 26, persisted long enough to allow of its examination with a large telescope 
It was then found to be of helical, or “ corkscrew ” structure, a quarter of a degree m thickness and composed of “ waves *• 
one degree long Many meteors describe paths of this kind owing to the action of atmospheric resistance on their irregular 
shapes The same thing happens to artillery shells and is known in ballistics as “ precession ” Only a smooth spherical shell 
oi meteor would travel m a pcifeUl} straight path without rotation 


A large Meteor, when rushing through the air, is heated to such an extent that it bursts with a 
loud detonation and then occasionally strews the countryside with its partly consumed debris 

Falling stars exhibit great diversity in many respects Some remarkable instances of the largest 
kind, known as Fireballs, have been recorded , and a few of the most noteworthy may be summarised, 
as follows — 

Real Paths or Notable Fireballs 


Ycai 

Date 

GMT 

Mag 

Height 

Began Ended 

Path 

Velocit} 

Radiant Point 

No 

1676 

' Mar 31 

8 

5pm 

D 

Miles 

174 

Miles 

38 

Miles 

250 

Miles 
per sec 
2J 

a S 

215° + 17° 

1 

1719 

Mar 19 

8 

15 pm 

D 

80 

60 

175 

5 

295" + 45° 

2 

1783 

Aug 18 

*> 

15 p m 

© 

60 

57 

1,100 

23 

120° + 35° S 

3 

1850 „ 

Feb 11 

10 

p m 

> D 

84 

19 

130 

12 

37° + 34° 

4 

1860 

July 21 

2 

44 a m 

; > 5 

100 

53 

1,000 

10 

161° + 16° 

5 

1868 

Sept 5 

9 

10 p m 

— 

103 

67 

880 

38 

O 

00 

I 

o 

00 

T-t 

6 

1868 

Oct 7 

11 

50 pm 

© 

100 

32 

99 

14 

330° + 20° 

7 

1868 

Nov 3 

3 

17 pm 

© 

70 

25 

77 

26 

220° + 16° S 

8 

1869 

Nov 6 

6 

50 pm 

> D 

90 

27 

170 

35 

62 Q + 37 3 

9 

1877 

Nov 23 

8 

24 pm 

> D 

96 

14 

133 

174 

62° + 21° D 

10 

1889 

May 22 

10 

8pm 


50 

58 

292 

14 

63 + 35° 

11 

1894 

Feb 8 

0 

28 noon 

— 

80 

20 

— 



Hercules S 

12 

1894 

Jan 25 

10 

1pm 

D 

89 

16 

160 

18 

331 c + 55 c D 

13 

1896 

Feb 10 

! ^ 

30 am 

>D 

— 

20 

— 

— 

SD 

14 
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Ri al Paths of Notable Fireballs — cont 


Year 

Date 

GMT 

Mag 

Height 

Began Ended 

Path 

Velocity 

Radiant Point 

No 



" 

- 





Miles 1 

Miles 

Miles 1 

Miles 


i 

- 








1 ! 



pei sec 

a 8 



1900 

Jan 

9 

2 

55 

p m 

> D 

: 59 

23 

174 

— 

280 - 12" 

S 

15 

1902 

Aug 

22 

2 

2 

a m 

3) 

1 65 

33 

611 

15 

28 P - 104 


lb 

1909 

Feb 

22 

7 

33 

P m 

3) 

1 56 

50 

155 

25 

196 + 20 J 


17 

1911 

Feb 

19 

9 

22 

p m 

'll 

1 70 

1 49 

590 

14 

4b - 15 


18 

1914 

Feb 

9 


— 


— 

42 

— 

! 5,500 

8 

Pegasus 


19 

1914 

Oct 

13 

8 

46 

p m 

> D 

29 

0 

i 49 

8 

348 + V 

D 

20 

1917 

Dec 

3 

1 

15 

p m 

> 3) 

64 

0 

86 

1 — 

302 -f 2F 

SD 

21 

1922 

Feb 

7 

3 

55 

P rn 

> D 

5b 

32 

82 

1 11 

t_ 

60 5 - 11 1 

SD 

22 


5 — Corrected for zenithal at ti action radiant is at 1 18° 4* ^ , (" zenithal atti action ” rcfcis to the amount 
of displacement of the radiant diu to the caith's atti action) 


10 — The detonation equalled the noise of a bundled 100-ton guns (Tupinan) 

14 — The streak icmamed Msible five and a half hours 

17 — Streak remained two hours and dufted to N Vv 120 miles pci lioui 

19 — A swarm of large Metcois, Path 5,500 miles and the longest cvci known , flight paiallel to Faith's smface 
over nearh all this tiack 
20 and 21 — Fell to the earth 

In column foui > means “ blighter than/' <*.) the Sun, D the Moon , v Jupitci 
“ S ” m the ninth column means “ m sunshine ’ , “ T> " that the fireball defima+ed 


The largest kinds of Fireballs constitute one of the grandest splendours of the hea\ens K\cn 
m the day-time, when sunshine dominates sky and luirth, a Fireball may suddenly come out of tile 
blue with a brilliant flash ending its glories and a thundtihkc detonation following to signify the 


disruption and 
destruction of the 
object At night, 
when there is no 
Moon and the 
heavens are thick- 
ly studded with 
stars, then the 
Fireball may dis- 
play its striking 
illumination of 
sky and land- 
scape, and startle 
the spectator 
with the vivid- 
ness of its inten- 
sity Sometimes 
there are several 
flashes, due to 
unequal ignition, 
for at certain 
points along 
the streaming 
flight the object 



s 


METHOD OF PHOTOGRAPHING METEORS 
The securing of meteoric photographs is largely a matter of chance, as it is impossible to be ceitam 
when and where a bright meteor will appear When a showei is expected a number of cameras 
with rapid lenses may be set up to point m slightly different duections, to cover a large area of the 
sky The observer sits close at hand and records the time and rough position of anv bught meteor 
seen, and it can aftei wards be identified on the photogiaphic plate 
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A METEOR TRAIE 

Very bright meteors leave luminous trails in the path of their flight, and these m some 
cases persist for some time before fading into invisibility The trails are generally 
famtest at their edges, which are the first parts to disappear, causing an apparent narrowing 
as in the three stages shown above 


blazes up and leaves 
brighter sections m the 
tram where the outbursts 
occurred 

These Fireballs should 
be always recorded m de- 
tail, and particularly their 
apparent paths m the fir- 
mament , for if the data 
are immediately avail- 
able for the computation of 
the height and direction it 
may be easily possible to 
indicate the place of fall and 
thus, in cases where the 
object reached the Eaith, 
enable a search to be made 
In the instance of the 
Yoikshire Meteorite of Oc- 
tober 13, 1914, the locality 
of its probable descent was 


indicated by the present 

writer, and the object was accidentally discovered at the spot predicted 

Autumn nights are often prolific m these luminous appearances, but they come at all times, and 
are sometimes so brilliant as to shine m the day-time, and to offer a momentary splendour almost 
equal to if not exceeding that of the Sun But we cannot foretell the times of their individual 


apparitions They burst out suddenly , it may be m the twilight of early evening, in the glare of 
moonlight, or with fog or thin cloud partly veiling the stars, but best of all, of course, they are 


displayed m a clear, moon- 



less sky 

When a bright falling 
star is seen, the observer 
should endeavour to notice 
its chief features and its 
exact place amongst the 
stars If he is unac- 
quainted with the constel- 
lations, he should estimate 
the bearings of the begin- 
ning and end points, and 
give the altitudes as nearly 
as possible , he should also 
note the duration of flight 
In the event of a train or 
streak remaining after the 
head has vanished, it 


a distorted trah, should be carefully watched 

When a meteor trail is bright enough to persist for several minutes it is often observed to and the extent and 
-drift slowly from its original position and to become bent or twisted m outline This is the ‘ uiico 

result of currents of wind m the higher parts of the Earth’s atmosphere The two sketches tiOn of its drift amongst the 
above were made ten minutes apart stars ascertained as exactly 
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as possible These meteoiic tiains and streaks furnish valuable evidence on air „ 
m the upper strata of the atmosphere The trains are usually between fifty and sixtvfi™ 
the Earth’s surface, and are often carried along at a velocity^ about 25^^ 

%£ ,h ^ c g “:r r ns seraai “ d - — -*•» - 

a fine Meteor which appeared on 
February 22, 1909, remained in 
view for two hours, and drifted 
in a north-west direction at a 
hurricane rate 

Careful observations of Me- 
teors and Falling Stars die valu- 
able, and likely to increase out 
knowledge of a very inter esting 
branch of Astronomv Those' 
bodies foiming, as it were, the 
dust of the umveise and the 
messengeis from distant space, 
may be legarded as the ton- 
nectmg links betwee n om Katth 
and other planetary wen Ids As 
such, therefore', they deserve 
our sympathetic interest, while' 
their transient gioue's exhibited 
m the sky must always awaken 
keen appreciation 

There may be' a night with- 
out a visible Moon, but there is 
nevei a night without a Rilling 
Star unless, indeed, the firma- 
ment is veiled with e louds 
Unceasingly they ate showered 
into the Earth’s atmosphere', 
and it is fortunate that it has 
the power to ch'sti oy them 
nearly all 

Only those who have occu- 
pied themselves considerably in 
the work can realise the atti ac- 
tiveness of Meteoric observa- 
tion Others who are fresh to 
the study and kicking experi- 
ence can hardly appree late the 
pleasure which the habitual ob- 
server feels in its pm suit A 
man who gazes at the stars 
occasionally and sees Meteors falling amongst the constellations m an indiscriminate fashion 
cannot properly record the picture and must fail to comprehend its meaning One however who 
has acquired a knowledge of the subject can interpret A the details and read something of the story 
of nearly every Meteor that falls He can tell the particular shower to which it belongs, and can 



U H Shepstone 

A STONY METEORITE 

Many meteorites are not mainly metallic in composition, but contain large quantities 
<>1 silicates, and other stony substances They are less heavy, bulk for bulk, than 
the metallic meteorites and have a rougher surface They are sometimes referred 
to as 11 uranoliths,” to distinguish them from the iron meteorites 
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THE OTUMPA METEORIIE 

This is an example of a meteorite whose substance is mainly metallic The surface is 
comparatively smooth and shmy, and of a dark blackish brown colour Meteorites which, 
like the one abo\ e, are composed very largely of iron, arc termed “ siderolites " The one 

above weighs 1,400 lbs 


locate its radiant point 
from its duration of 
flight and aspect He 
can pretty correctly 
estimate the height of 
the object and perhaps 
knows, and may have 
seen, the parent Comet 
from which it had its 
ongm 

To witness a show- 
er of shooting stars is 
more interesting when 
the observer knows the 
Comet which supplies 
it This is, however, 
not always possible 
The great displays of 
August and November 
are connected with and 
directly occasioned by 
well-known Comets 
There are also May and 
June showers derived 
from the Comets of 
Halley and Pons-Wm- 
necke, and the pleasure 


-of awaiting and seeing the Meteors 
is accentuated by this circumstance 
Having perhaps viewed the Comets 
themselves we naturally feel curious to 
see their offspring m the Meteors In 
fact, our knowledge of a little of their 
life history intensifies the attractions 
they visibly present to the eye It is 
like a person who looks up to the stars 
and can recognise the constellations and 
•call the chief stars by their names His 
acquaintance with them makes him re- 
regard them as old friends, and thus 
the contemplation of the familiar face 
of the heavens often brings him an 
impressive satisfaction 

Meteoric Radiants and Comets — 
Several mathematicians have investi- 
gated the ecliptical Meteoric radiants and 
found that they may be of lengthy dura- 
tion with little apparent change m the 
radiant points This is what observation 
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RADIANT OF METEORS, JUI,Y 27-29 
A radiant is less easily determined if placed so low in the sky that its 
meteors can only be seen on one side of it The apparent shortness of 
meteoric paths near to the radiant pomt is an effect of foreshortening, 
since these meteors axe coming almost directly towards us This is 
better shown in some of the other diagrams 
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RADIANT OF METEORS, AUGUST 21-23 
The arrow-headed lines represent the lengths, positions, and directions 
of the paths of meteors as actually seen in the sky Slight errors of 
observation are inevitable, but the radiant point can be fixed with 
considerable accuracy if a sufficiently large number of meteors is 
observed 


had already proved, and there is no doubt 
that certain long continued showers dir- 
ected from positions on or near the eclip- 
tic can be identified with Comets whose 
orbits lie comparatively near that of the 
Earth 

Lexell’s Comet of 1770, or its debris 
(for the Comet seems to have ceased to be 
visible), showers Meteors from a radiant 
at about 282°-25° in June, July, and 
August Denning’s Comet of 1881, yields 
Meteors at end of July and first half of 
August from 303°-10° In the latter case 
the computed distance between the 
cometary orbit and the Earth is rather 
considerable (0 1 = 10 millions of miles), 
but this does not vitiate the accordance, 
as the cometary material may be distri- 
buted over a considerable space 

Daniel’s Comet of 1907, whose orbit 
is Within about six and a half millions of 
miles of the Earth on September 12, 
appears to have originated the shower of 


bright Meteors from 347° + 2°, which is visible from about August 25 to September 27 Zanoth’s 
Comet of 1739 has yielded the Meteors from 154° + 40° often observed during last half of October and 


onwards through November and first half of December Other cases might be cited but no useful 


purpose would be served by unduly multiplying the evidence , suffice it that the writer is preparing a 
table wherein will be exhibited a number of comparisons suggestive of close relationship between 


certain cometic and meteoric orbits This 
is a highly interesting section of Meteonc 
Astronomy and has not been sufficiently 
cultivated and investigated since the late 
Professor A S Herschel devoted himself 
to its study 

It is much to be hoped that recruits 
will be forthcoming not only for the 
theoretical investigation of the various 
problems presented by meteors, but also 
for their practical observation Additional 
workers are greatly needed in various 
departments of Astronomy, but m none 
more so than m this branch And here is 
a field m which, without incurring the 
expense of costly apparatus, work of high 
value may be accomplished, all that is 
required being a good view of the sky, the 
ability to make accurate observations, and 



[R 4 s 

RADIANT OF METEORS, OCTOBER 15 


such a measure of patience and enthusiasm 
as will enable the observer to maintain his 
vigils through the long hours of the night 


The paths of meteors are best recorded on charts drawn (like the one 
above) on the “ gnomonic ” projection On such charts all hues 
observed as straight m the heavens are still straight, m spite of being 
now seen on a flat surface 





THE PLANET SATURN 

onhe U Sf? tl i° n conve y 3 a rough idea of the probable appearance of Saturn as seen with the naked e^e horn one of ^^nne^td^^they 
htter lie nearly all dose to the plane of the lings which therefoie are seen almost edgewise From one of the inner ^sateiu^s mey 
would appear even more narrow ind linear than depicted above The globe of the planet is dehcately co oured and generally exh 
scries of parallel dusky belts The lings aie almost pure white m coloui tbee unapier view 
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CHAPTER XI 

FINDING THE SCALE OF SPACE 

By Peter Doig, F R A S 

N any science one of the most important requirements is the determination of numerical values 
Astronomers have to face what seems at first glance an insuperable problem of this kind — the 
ascertainment of distances to which it is impossible by the nature of things to apply measunng 
gauges directly The very earliest “ watchers of the sky ” believed all celestial objects to be situated 
at the same distance on the vault of the heavens, but the Greek thinkers began to assign relative 
distances to the Sun, Moon, planets and fixed stars Aristarchus of Samos, who lived about 280 b c*, 
showed that 
the Sun must 
be at least 
nineteen times 
as far off as the 
Moon, which 
estimate is 
much below 
the truth, but 
was a step in 
the direction 
of positive 
knowledge be- 
yond which 
there was no 
advance for a 
long time The 
scale of space 
was not then 
known even in 
the very rough- 
est fashion, 
however , the 
first crude so- 
lutions of the 
problem were 

reserved for the later and possibly less acute intellects of mediaeval times, and that only for such less 
remote celestial objects as those in the Solar System 

The process of finding the distance of a celestial object is essentially the same as is used by a 
surveyor when he desires to find the distance of some inaccessible object such as a mountain In most 
cases measurement m the ordinary way with tape or chain is impossible because of the roughness of 
the intervening country, or because of the impossibility of attaining to the top 01 the mountain. For 
example, the summit of Mount Everest is as yet inaccessible, but its distance from a hill station, such 
as Darjeeling, can be found with great accuracy The surveyor proceeds as follows 

From a camp at A the distance is first accurately measured off to camp B, the line between being 
described as the “ base line ” Setting up his theodolite at A he measures the angle between the camp B 
and the mountain peak and then goes to camp B and measures the angle B similarly He then knows 
the length of one side of the triangle and the sizes of two of its angles, and by a very simple calculation 



A SUU\ FYOR’S “ TRIANOIylv ” 

The surveyor who wishes to find the distance of an inaccessible point, such as i mountain peak, lays off 
and measuies a base line between two camps From out camp he measures with his theodolite the 
angle between the mountain peak and the other camp, and then goes to his other station and does 
similarly for the lust camp and the peak From these two angles and the measured length of the base 
line, the distances of the pcnik from the two camps can be easily calculated 
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can derive the third angle C and the dis- 
tances from camp A or camp B to the 
mountain The surveyor does not con- 
cern himself directly with the angle C but 
deals with distances so that he can “ tri- 
angulate ” an entire territory 

By a sustained process of connected 
triangles and accompanying astronomical 
observations for longitudes and latitudes, 
much of the Earth’s surface has been 
mapped out and the shape and dimen- 
sions of our globe closely ascertamed As 
is well known the shape of the Earth is 
not truly spherical, hut of a flattened 
spheroidal form, so that the diameter 
from pole to pole is 7,900 miles and across 
the equator 7926 7 miles 

The surveyor finds a base line of 
several hundred yards sufficient for deter- 
mining most distances, but occasionally 
uses one as long as possible, of several 
miles length, so as to obtain an accurate 
measurement of a very remote object The astronomer, however, requires a very much greater base 
line for the smallest of celestial distances The nearest of the heavenly bodies is the Moon, of which 
the mean distance is 238,860 miles, and for the determination of the size of this great gap the astronomer 
finds a base hne m the Earth itself In this case there are two observatories, the distance between which 
is well known The angle at the Moon and the sides of the triangle can be well determined and from 
them the distance between the centres of the Earth and Moon The " parallax ” of the Moon is half 
the angle which is contained between the hnes connecting the extremities of the Earth's diametei and 
the centre of the Moon and is somewhat less than one degree (fifty-seven minutes approximately) 
The same base hne is used m finding the scale of the Solar System As the diameter of the Earth 
is but 7,900 miles, we cannot get a longer base than that, and practical considerations limit it to about 
7,000 miles The Sun is more than 13,000 times this distance away and the triangle concerned is 

extremely long and narrow, with the 
angle at the Sun smaller than sixteen 
seconds of arc As a problem of sur- 
veying, the measurement of distance by 
direct observation of the Sun's position in 
the sky is not capable of more accuracy 
than about one part in thirty or forty 
If the stars could be observed close up 
to the Sun and simultaneous observations 
made of its apparent position among 
them as seen from the ends ot our base 
line, the problem would be simple and 
capable of considerable accuracy with 
little effort The Sun would appear 
differently placed with reference to the 
vastly remoter stars, a nearer body 
having a shift (Greek, “ parallaxis ”) 

# 



EARTH 


This diagram illustrates the method employed bv Eratosthenes 
Observations of the Sun’s altitude at Alexandria and Syene respec- 
tively gave the number of degrees of latitude (shown by the angle Z) 
between the two places The actual distance being known in units of 
linear measure, it was easy to calculate the length of the complete 
360° comprising the Farth’s circumference 



From ] [“ Adolfo Stahl' Lectures 


THE WEEE OF ERATOSTHENFS 
This well, situated at Assouan (the ancient Syene) is said to be the one 
used by Eratosthenes m connection with his famous measurement of 
an arc of the meridian From his observations he obtained the first 
reasonably correct value for the Barth’s circumfen nee and diameter 
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relative to objects farther away We 
cannot see stars close up to the blazing disc 
of the Sun owing to the overwhelming atmo- 
spheric effect of its radiance, but on rare 
occasions the planet Venus passes across its 
face and at these times has a parallax: 
relative to the Sun’s disc 

Two observers on the Earth at a and b 
(see page 452), will see the planet projected 
on different parts of the Sun's disc The 
observer at b will see the planet cross along 
the line CD, while the observer at a will sec 
it traverse the Sun’s face along the chord 
FG When Venus is between the Earth and 
the Sun (in "inferior conjunction”) its 
distance from the Sun is to its distance 



MEASURING THE DISTANCE OF THE MOON 
I his diagram shows a method of measuring the distance of the Moon 
Lr and C represent two observatories (say Greenwich and the Cape 
of Good Hope) M is the Moon, GE and CE are the directions of 
the equator on the sky at the two places The difference of the 
angles MCE' and MGF, which is the same as the angle GMC, 
is measuied and from this angle together with the known lectilmear 
distance GC, the distanec of the Moon is derived, just as by a 
surveyor m the ease oi ail inaccessible terrestrial object 


from the Earth in the proportion seventy-two to twenty-eight This is known from the law disco\ eicd 
by Kepler, which states that the cubes of the distances between the planets and the Sun are proportional 
to the squares of their periods of revolution about him, and it was discovered by that great astronomer 
independently of any knowledge of the actual distances 

The base line or rectilineal distance between a and b is known, and as the ratio between this and 
the line xy is twenty-eight to seventy-two, xy can be computed Ihe ratio of the lengths of the chords 
CD and FG is got from the observed time of crossing of Venus across the Sun and it is then possible to 
calculate the size of the Sun’s disc itself by means of the known distance xy The angular diameter 



An ingenious method of measuring the Sun’s distance m comparison with that ot the Moon was deviled by Aristarehus 
(b c 28 0) In the above diagram (not to scale) the Moon is shown at the instant it would look half Full from the Earth 
The angle at the Moon must then be a right angle Aristarchus estimated that the First Quarter of the Moon was about tweh e 
hours shorter than the Second Quartei, so that the Moon was six hours in going to A, or about four degrees of its orbit From 
this he deduced that the distance of the Sun is about nineteen times th it of the Moon, which is much too small , the method 
failing badly because of the mountainous character of the Moon’s surface, making it impossible to estimate accurately the 

instant when the Moon is half Full 


ife.' 


♦ 
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of the Sun is measured, and to find its distance from the Earth 
we have simply to calculate the distance at which a body of 
known size subtends a given angle 

Certain corrections have to be made for the motion of the 
observers at a and b due to the Earth’s movement m its orbit 
and to its rotation The method described is due to Halley 
(1656-1742) who suggested it at a time when it was impossible 
that he should live to see it carried out Another method used 
on the occasion of a transit of Venus was suggested by Delisle 
(illustrated on page 205), but need not be further described, 
particularly as either method is no longer looked upon as a 
good one for detei mining the solar parallax Owing to various 
causes, chief among which is the so-called “ black drop ” and 
also a troublesome ring of light round the planet evidently 
produced by its atmosphere (see page 211), which render it 
almost impossible to estimate accurately the times of entry 
and exit of the planet on the solar disc, other methods are 
now more relied on In any case the method cannot be again 
applied until the year 2004, which sees the next transit of 
Venus 

Another method, which has been employed with great 
success and a higher degree of accuracy, depends upon the 



The diagram illustrates Hailey’s method of 
utilising the transit of \ cnus for measurement 
of the Sun’s distance The observers on the 
Earth at a and b will see Venus cross the Sun’s 
disc along the chords FG and CD respectively 
The relative length of these chords is got from 
the times taken m the transit The relative 
distances of Venus and the Earth from the Sun 
being known, and also the distance between 
a and b, the length a v can be computed and 
from that, and the ratio of the chords FG and 
CD, the actual diameter of the Sun is obtained 
The angular diameter of the Sun is measured, 
and to find its distance from the Earth wc have 
simply to calculate the distance at which a body 
of known size subtends a given angle 


PAST AND FUTURE TRANSITS OF VENUS 
Transits of Venus occur in pairs, with eight years between each transit of the pair, 
and intervals of 105 £ or 12 years between the pairs The method of measuring 
the solar parallax by means of the transits was employed on the occasions of the 
Eighteenth and Nineteenth Century transits, but it is doubtful if those of the 
Twenty-first Century wiF be similarly utilised, as better methods are now known 


measurement of the parallaxes and 
distances from the Earth of some 
of the planets situated at greater 
distances from the Sun than the 
Earth By Kepler’s Law above 
described, the dimensions of all the 
orbits of the planets in the Solar 
System are as a consequence deri- 
vable Mars and some of the 
mmoi planets or “ asteroids ” have 
been utilised in this way when at 
" opposition,” i e , on the opposite 
side of us from the Sun and there- 
fore crossing the meridian (due 
south) at midnight 

The parallax of the planet ob- 
served can be determined m the 
same way as that of the Moon, 
either by observations at two dis- 
tant observatories, or by a single 
observer who utilises his displace- 
ment by the Earth’s rotation to 
provide a base line The actual 
measurements involved are the 
angular distances separating the 
minor planet from the background 
stars among which it is apparently 
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situated These measurements have been made by an instrument called the heliometer, or by 
photography 

The hehometer consists of a telescope which has its object-glass divided into halves along a 
diameter One half can slide along the other and thus produce two separable images By movement 
of the two halves the images of two stars can be superposed in such fashion as to give very accurate 
measurements of distance between them or between a minor planet and a star, the shift of the parts of 
the object-glass being regulated by finely divided screws, one turn of which is equal to a certain small 
angle on the sky 

The great advantage of the photographic method, which is otherwise at least equally accurate, 
is that the astronomer is rendered much more independent of continued fine weather and clear 
skies A photograph can be made in two or three minutes, and with a comparatively short break m 
the clouds far more valuable material can be got than by a whole night's heliometer work, for the 
photograph once secured can be measured and discussed at leisure by day or during cloudy nights 

The minor planet which is 
most valuable for this purpose is 
Eros, discovered in 1898, for 
which, although it is a very small 
body, probably not more than 
twenty miles in diameter, one 
would willingly barter the re- 
maining hundreds of similar 
bodies This is because it moves 
in a very remarkable orbit (illus- 
trated on page 76) lying foi the 
most part within that of Mars, 
very eccentric ( i e , departing 
largely from a circle towards an 
oval shape) and approaching the 
Earth on favourable occasions to 
within about 15,000,000 miles 
when it has a large apparent shift 
or parallax with reference to the 
background of fixed stars 

A close approach took place 
in 1900, but not until 1930 and 
1937 will there be similarly 
favourable opportunities again 



lllh “ Bly&CK DROP ” 

It was cvpccted by Halley Ih it it would be possible to observe the instant of 
contact between the disc of Venus and the edge of the Sun within about a second of 
time Unfortunately, the formition of a “black drop ” takes place instead of 
a round disc neatly touching the edge of the Sun, the time of real contact being 
doubtful by as much as ten or iifteui see oncts 


The 1900 " opposition ” was used to obtain the most accurate value for the solar parallax as yet 
derived By co-operation of a number of observatories using visual and photographic means a value of 
the solar parallax (or angle subtended at the Sun’s distance by the Earth's semi-diameter) was 
obtained of 


8 80 seconds of arc 

This corresponds closely to a mean distance of the Sun of 92,900,000 miles, which is probably correct 
within about 150,000 miles either way , according to very recent work, however, this parallax may 
be rather on the large side 

There are reasons for believing, however, that the most accurate value of this fundamental constant 
of Astronomy will be obtained by other and less direct methods Some of these are of sufficient interest 
to be briefly referred to 

One general method is by the disturbing effects of the planets’ gravitation on each other’s motions, 
or of the Sun on the Moon's movements Another depends on the mutual disturbances of the Earth 
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and Moon The Earth’s centre revolves in a small orbit round the centre of gravity of the Earth- 
Moon system From the measured distance of the Moon and the ratio of its mass to that of the 
Earth, this orbit is found to have a radius of about 3,000 miles As a result of the Earth’s motion 
m this small orbit the Sun appears periodically displaced to one side or the other m its apparent yearly 
circuit of the sky, from the place he would occupy if the Earth were not thus disturbed by the Moon 
The consequent angular displacement of the Sun having been measured, astronomers then learn the 
angle which 3,000 miles subtends at the Sun’s distance, and from that can derive the distance by a 
simple calculation 

Another way of measurement of the scale of the Solar System has been derived from observation 
of Jupiter and his family of moons When that planet is farthest from the Earth, on the other side 
of the Sun, there is an apparent delay in the times of the eclipses of his moons by the shadow of the 
planet compared with those occasions when the Earth and Jupiter are on the same side of the Sun, and 
therefore closer together by something like the width of the Earth’s orbit This was an unexplained 
phenomenon until the Danish astronomer Romer suggested in 1675 that it was due to the time taken 
by light to travel over the additional space By experimental work with rotating mirrors and other 



^? el1 ^ etms 1S projected wholly within the Sun’s limb the edge of her disc is encroached upon to an appreciable extent bj the 
effects of irradiation and diffraction, so that she appears somewhat smaller than she really is When, however, her true limb 
is in contact with that of the Sun the causes of this encroachment are no longer operative at that point, anrl wc bee a portion 
of her disc that was not seen before This naturally appears m the form of an excrescence, and is known as the “ black drop ” 


devices the velocity of light has been found to be 186,325 miles per second, and from the delay in the 
times of the eclipses of Jupiter’s moons the diameter of the Earth’s orbit can he deduced 

The knowledge of the velocity of light can also be applied to the problem of the Sun’s distance by 
means of the phenomenon known as the “ aberration of light ” As a result of the fact that the propa- 
gation of light is not instantaneous, a star is slightly displaced from its true position in the sky Each 
star appears to revolve once a year in a small elliptic path about its average position One situated 
m the plane of the Earth’s orbit merely oscillates on either side of a mean position and the breadth 
of the ellipse grows until it becomes a circle at the pole of the ecliptic 

The fact that the velocity of the Earth m its orbital motion round the Spn forms a sensible fraction 
of the velocity of light is the cause of this aberration, which may be understood by a simple illustration 
When an object is let fall down the centre of a vertically disposed tube, it will go straight to the bottom 
without touching the side, if the tube is at rest If a forward movement is given to the tube, however, 
the object would only pass down its centre without torching the side providing the tube were inclined 
at an angle So it is with light coming from a star and passing down the tube of a telescope on a moving 
Earth The telescope has to be pointed slightly away from the true direction of the star 
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PARALL \X OF A MINOR PLANET 
The distance of a minor planet (M) from the Earth is found by measuring 
its position with lefcrence to the background of fixed stars (S and S') 
To observers at O and O' (or to a single observer carried by the Earth’s 
rotation from O to O' the planet and the stars behind it have a diffeient 
configuration, and from this apparent displacement and the known 
relative distances of the planet and the Earth from the Sun, the solar 
paiaUax can be found with more accuracy than by the Transit of Venus 

method 


When the small ellipses are measured, 
the angle is found to be somewhat less 
than twenty and a half seconds of arc 
By a simple calculation it is found that 
the velocity of light must be very nearly 
10,000 times the speed of the Earth m 
its orbit, which thus comes out at about 
eighteen and a half miles per second 
The circumference of the orbit in miles 
is therefore eighteen and a half times the 
number of seconds in a year and the 
semi-diameter, or distance of the Sun, is 
easily deduced 

Another indirect method of ascer- 


taining the distance of the Sun is based on investigations of the velocities of the stars in the line of 
sight as revealed by the displacements of the lines in their spectra At one season of the year, the 
Earth m its orbital movement is approaching a star, while six months later it is receding from it 
Determinations of these motions of approach and recession with reference to a number of stars can be 
made and an accurate knowledge of the Earth's orbital speed derived from which the circumference 
and radius of the orbit are calculated This method is susceptible of very great accuracy and increasing 
precision m the solar parallax value, as instrumental means improve and greater numbers of stars 
are utilised 

The same method has recently been applied to the changing velocity of the Earth itself As the 
orbit is eccentric, the Earth is sometimes approaching the Sun (July to December) and sometimes 
receding from the Sun (December to July) 


These motions of approach and recession are 
shown in the displacements of lines m the Solar 
Spectrum, and when they are measured and 
discussed the scale of the orbit can be calcu- 
lated A similar method can also be applied to 
the radial velocities of the other planets 

The space which has been occupied m the 
foregoing discussion is justified by the very 
great importance of the problem of the Sun’s 
distance It is the fundamental datum of 
Astronomy — the unit of space, any error in the 
estimation of which is multiplied and repeated 
m many different ways, both in the dimensions 
of the Solar System and m those of the uni- 
verse in general The number which represents 
it is involved m almost every calculation of dis- 
tances or masses, of sizes and densities either 
of planets or their satellites, or of the stars 
Its determination has been referred to as one 
of the noblest problems of the science, and great 
expenditure of human effort and wealth has 
been made in attempts at its solution 

It is also among the most difficult tasks of 
the astronomer, involving as it does, in the 
direct methods, an attempt to measure an angle 



SHEEPSHANKS EQUATORIAL, CAMBRIDGE 
OBSERVATORY 

This telescope was used very successfully m the determination of 
the solar parallax by photographs of Eros m 1899 and 1900 
It is a modification of the “coud6,”or elbowed, type of equatorial 
The tube itself acts as the polar axis, so that the eye end (inside 
the building) remains stationary, but for rotation This makes 
observation very comfortable and convenient 
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about equal to that subtended by a halfpenny 2,000 feet 
from the eye, within about a thousandth part of its value 
The scale of the entire Solar System follows very simply 
from the relation between periods of revolution and distances 
already mentioned, and m the case of the planet Neptune, 
we have the largest distance from the Sun which is thus 
directly derived — about thirty times the distance of the 
Earth from the Sun, an enormous gap over which the sun- 
light takes over four hours to pass, although the speed of 
light is such as would encircle the Earth's equator more than 
seven times m a second 1 

Great as this is, it pales into insignificance beside the 
distances of the stars When we come to the investigation 
of stellar remoteness no base line on the Earth is long enough, 

and we must use something much greater The Earth makes this base line for us in its orbit round 
the Sun, and, large as it is, it is all too small for the purpose 

If the position of the star chosen for the investigation is determined in the sky as accurately as 
possible, say m the month of March, and then again after an interval of six months m September, the 
other end of the base line of 185,800,000 miles will have been attained, and if a difference is found m 
the positions as observed, the star's distance can be found The parallax of a star is the angle made 
at the star by the radius of the Earth's orbit, or, to put it m another way, is the angle which would be 
occupied by a line 92,900,000 miles long at the Sun when seen from the star m question 

The slight movement m the position of the star is found by measures between it and fainter and 
probably more distant stars, though this is an assumption which is not always true, as is proved by 
the occasional negative results for parallax, which indicate either that the chosen star is really farther 
away than the average of the fainter comparison stars used, or that the parallax is too small to be 
within the limits of error m the measurements 


[W B Steavenson 

“PARALLACTIC” SHIFT OF MARS 
When Mars is close to the Earth his apparent 
position among the stars varies with the position 
of the observ er on the Earth, or with the motion 
given to a single observer m a few hours by the 
Earth’s rotation The amount of shift (BC) in 
relation to a comparison star (A) gives a measure 
of the distance of the planet, after taking into 
account the distance moved by the observer 


The determination of stellar parallax is comparatively simple but for the extreme minuteness of the 



ABERRATION OF LIGHT 

The diagram illustrates the effect on a star’s apparent position 
of the Earth’s motion in its orbit A star 5 would appear m the 
direction As if the Earth were at rest at A , actually it is seen 
at a, slightly ahead of its place, and m a year describes a small 
orbit on the sky, abed corresponding to the points ABCD 
m the perspective view of the Earth’s orbit 


quantities concerned An idea of their 
smallness may be gained from the statement 
that if two railway lines starting m London, 
met m Newcastle instead of keeping parallel 
all the way, the angle between them would 
be of the order of magnitude to be measured 
in finding the distance of the nearest stars 
There is no star known for which the 
parallax is as great as one second of arc , a 
second of arc is less than one millionth of the 
distance round the circumference of a circle, 
and is the angle subtended by a tennis ball 
about eight miles away or by a six-foot man 
at 250 miles distance 

Yet 92,900,000 miles looks smaller than 
this when seen from the distance of the ve^ 
nearest of all the stars of which the parallax 
has been measured This is “ Proxima 
Centaun," a faint star situated near to and 
physically connected with the bright double 
star a Centaun, one of the brightest stars in 
the southern sky, which is itself the next 
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nearest known The parallax of “ Proxima ” is seventy-nine hundredths of a second, corresponding 
to about twenty-four billion miles distance, or a light journey of four and one-tenth years 

The processes used in measuring these very small angles are similar to what has already be^n 
described for the minor planets, although the stellar parallaxes are very much smaller The older 
methods used were those depending upon astronomical instruments which measure the places of the 
stars with great accuracy — the meridian circle, the micrometer and also the hehometer So minute 
are the quantities to be measured that the instruments themselves, although made with graduated 
scales and screws of almost superhuman precision of workmanship, have to be tested for their errors 
which are then used as corrections to the results Not only the instruments have to be analysed in 



From a Dratcmg by) 


EXPLANATION OF “ ABERRATION ’ 


[W H Stcavenson 


It is a famiLar fact that the apparent direction of the drops m a shower of rain is altered by the motion of a person walking 
or running through it The angle at which the drops appear to fall depends upon the ratio between the velocity of their descent 
and the motion of the observer In the case of Htfht the speed of the Earth in its orbit is small compared with the enormous 
velocity of 186,000 miles per second, so that the change of apparent direction is small But the principle is the same, and our 
telescopes (like the man’s umbrella) must be directed slightly ahead of the place where the star would appear if we were stal lonary 
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this way, however, but also the personal errors of the observers which 
vary from one individual to another 

The conditions under which the observations are made have to be 
kept the same as far as possible Even after all these precautions 
there are outstanding discrepancies m the best results, which are 
often of the same order of size as the quantities to be measured 
While these visual methods have given very valuable service, photo- 
graphy is to-day much the better for stellar parallax work 

If two photographs of the same region are taken six months apart, 
the shift of the “ parallax star ” can be measured with reference to a 
number of comparison stars, by means of a microscope Minute 
precautions must be taken with this method also, as the quantities 
to be measured on the photographic plate are generally only a few 
hundred thousandths of an inch 

To form an idea of what is now being done with large photographic 
telescopes m stellar parallax work, the reader may imagine two 
plumb-lines five feet apart They are sensibly parallel but of course 
actually would meet, if produced, at the centre of the Earth The 
angle between them is only one-twentieth of a second, yet angles of 
this size are now being measured in photographic work with an 
accuracy of nearly one-fifth of their size, i e , one-hundredth of a second of arc l About fifty years ago 
the then Astronomer Royal (Sir George Airy) referred to an angle ten times this size as the “ smallest 
thing m the world ” , considerable progress has evidently been made t 

A great deal of care is required in taking the photographs and in measuring them The small images 
of the stars have to be as accurately round as possible so that the centres can be estimated to within 
a fiftieth or a hundredth of their diameters To make for the necessary accuracy, the telescope must 
be guided as perfectly as possible m following the stars in their motion across the sky due to the Earth's 
rotation The photographic image of the parallax star should not be larger than the comparison stars, 
and as it is usually brighter, this is effected by the use of a rotating shutter partly covering the image 



PARAEEAX OF A STAR 

The 185,800,000 miles width of the Earth’s orbit makes a base line from each side of which a star is observed at an interval 
of six months Half the angular displacement with reference to the fainter and remoter background stars is called the 

“ annual relative parallax ” 



MEASURING THE SPEED OF 
EIGHT 

A toothed wheel, revolving rnpidh 
m front of a lamp, was used b\ 
Fizeau to measure the velocity of 
Eight A distant mirror sent back 
the ravs that passed between the 
teeth, and by notmg the velocity of 
rotation wherebv the returning ra> 
could just be caught on the next (or 
some later) tooth, the speed at which 
the light had travelled could easih 
be deduced 
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of the star and thus lessening the quantity of light received from it on the photographic plate, or by 
local chemical treatment of the plate or other means 

The best modern parallax determinations made by the most skilful observers employing powerful 
telescopes (ranging from 20 to 100 inches diameter) are yielding reliable parallaxes for stars up to 
200 light-years distance, corresponding to a parallax of sixteen- thousandths of a second of arc Greater 


distances than this are not at 
present accurately measurable 
directly, owing to the unavoid- 
able errors of observation, which 
are then comparable m sue 
with the parallaxes themselves 
In short, the base line of the 
Earth's orbit is too small for the 
direct measurement of greater 
distances with present instru- 
ments and methods Several 
observatories are devoting 
themselves largely to this line 
of work, howevei, and as a 
result of their labours there are 
now over 1,200 reliable paral- 
laxes measured in this way, 
which number is increasing at 
the rate of about 200 per 
annum 

It may be well at this stage 
to explain what the astronomer 
means when he estimates the 
accuracy of a result by what ho 
terms its “ probable error ” It 
can be illustrated in a simple 
way Let the reader suppose 
that he is gi\en the task of 
measuring the length of a held 
with an ordinary foot-rule, and 
asked to get as accurate a result 
as possible With this m view 
he will realise that a number of 
separate measurements of the 
field laboriously undertaken 
and then averaged will give a 
better result than one measure- 
ment however carefully per- 
formed If he makes, say, 
twenty sets of measurements it 
will be found that no two of 
them will agree but that some 
are several inches larger or 
smaller than the average of the 
twenty 



Drawing by [W H Steavenson, 

PRINUPIfK OF THIS HFJ y IOMF,TKR 


The hcliometer was devised oiigmall} for measuring the diameter of the Sun, whence 
its name It has also been used for measuring angles which are too large to be leadily 
compassed by the oulinarj eye piece micrometer The object glass is divided into 
two portions, capable of sliding on one another Kach forms its own set of images, 
like a complete lens, and these images can be displaced with legard to one another 
bv sliding the two halves of the object glass The lower half of the diagram shows 
how, in measuring the distance between two objects, the two halves of the lens have 
to be rdativelv shifted through the same distance fAB) as that which separates 
the images of the objects The distance AB is read off on a scale when the two 
pairs of images are separated to the extent shown 
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This average would be the most probable 
value for the length of the field, and from the 
deviations of all the separate twenty measure- 
ments a surveyor could calculate a quantity 
which he would call the “ probable error ” of 
the result This quantity is to some extent a 
measure of the accuracy of the work Mani- 
festly a probable error based on a hundred 
measurements would be smaller than one got 


ft 

COMPARISON STARS 

ft ft 



PARALLAX 1#1 STAR 


from twenty sets and one from twenty carefully- 
made measurements would be smaller than that 
derived from twenty not so precisely under- 
taken 

This probable error, however, is not neces- 
sarily the true measure of the correctness of the 
result It is a measure of the accidental errors, 
but not of any error which may be constantly 
present, such as would be involved in the use of 
a foot-rule which was slightly too long or too 
short, or in some systematically defective 
manner of applying the foot-rule 

In the same way the astronomer’s “ probable 
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STEIylrAR PARAI^AX BY PHOTOGRAPHY 
Two photographs are taken, at an interval of several months, 
and in each case the position of the image of the near star is 
measured with regard to a number of fainter surrounding stars, 
which are presumed to be more distant At Greenwich the 
method has been adopted of cutting fine lines with a diamond 
on a separate plate of glass near the position of each star 
The glass plate is then used as a standard of reference, being 



From Bryant's “ History of Astronomy ”1 

[By permission of Messrs Me'huc i & Co , Ltd 


BESSES (1784 — 1846) 


To Bessel we owe the first reliable measure of a 


placed in contact with each of the tWo photographs successively, 
the measures m each case bemg made relative to the engraved 
lines 

errors ” are not necessarily the true ones -there may 
be (or rather, there certainly are) “ systematic errors ” 
also Both kinds of error are being lessened as time 
passes, by the use of better instruments and superior 
methods of work, but nevertheless are yet present to such 
an extent as to render of little value very small parallaxes 
of the order of one-hundredth of a second or so, when 
obtained by the usual direct methods of measurement 
Our twenty-five nearest neighbours are contained 
within a sphere with the Sun at the centie, across which 
light would take thirty- two and a half years to pass It 
is probable that there are few, if any, others in this great 
volume If we enlarge the sphere to sixty-five light-years 
diameter there are over 100 known, although there are 
very probably nearly another 100 more in this volume 
for which the distances are not yet determined, particu- 
larly in the southern skies, which are not yet so well 
explored for parallax as those regions dealt with by the 
more numerous northern observatories 

Many of these stars are binaries, two suns revolving 
m great orbits about a common centre of gravity It is 
of interest to note that the number of binaries in the 


star’s distance His measurement of the parallax volume of space referred to, bears about the same ratio 


of 61 Cygni with the Konigsburg heliometer m 
1838 marks the beginning of our accurate knowledge 
of the scale of the sidereal universe 


to the number which are single stars, as that found for 
the stars generally In the twenty-five stars nearest to 
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the Sun there is a great diversity of real brightness The most luminous star among them is Sirius, 
which gives a light output about twenty-eight times that of the Sun, and the faintest is Proxima 
Centaun, which shines with only about one-seventeen-thousandth of the Sun’s light In a later section 
of this work will be found a description of the division of the stars by their luminosities or total light 
output, into two classes, the “giants” and “ dwarfs” There are no stars which can be properly 
described as giants (although Sinus almost deserves the name) until a greater distance than the sphere 
containing the twenty-five nearest stars has been passed, the Sun itself being a dwarf star 

So far we have only dealt with the effect of the observer’s motion, when carried round the Sun 
in the Earth's orbit, upon the apparent position of a star For over 200 years, since Halley detected 
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PARALLACTIC SHIFT OF “PROXIMA CENTAUR! » 

This diagram shows the effect of the swing of the Earth in its orbit round the Sun on the apparent position on the 
sky of the nearest star, Proxima Centaun The angular distance from a neighbouring and very remote star is measured at 
intervals and plotted down The straight dotted lme shows these distances without the effect of the Earth’s motion in its 
orbit , the waving lme shows this effect, which repeats itself with a period of twelve months 
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AN ANGIyE OF ONE DEGREE 

To an observer at A the two stars on the right appear separated by just one degree, or one three hundred-and sixtieth part 
of a circle The inclination between the two directions appears small enough, but astronomers are accustomed to measure 
accurately angles as small as a hundredth of a second of arc This minute angle is only one three hundred-and-sixty-thou^andth 

of that shown in our illustration 1 

m 1718 the changes m position m the sky of Arctums, Procyon and Sinus since ancient times, it has 
been known that the stars also are moving When accurately determined positions of the stars, made 
at considerable intervals oi time, are compared with each other, it is found that some have changed 
their position m the sky by appreciable amounts This change in position is termed the star’s “ proper 
motion ” 

Although stellar proper motions are very minute, it is clear that after a sufficient lapse of time the 
familiar configurations m the heavens will be much disturbed except where the stars concerned are 
moving together In the Plough, for example, the five intermediate stars of the seven are moving 
in approximately parallel lines, although the star at each end is moving m another direction Thus 
there was no Plough for the men of the Stone Age, and there will not be one for our descendants 
thousands of years hence Associated with the five stars mentioned are a number of others close to 
them m apparent position and also some scattered widely over the sky, of which the most notable is 
Sinus These stars form a great cluster, the members of which are travelling together through space 

although separated by enormous dis- 
tances 

By a similar community of proper 
motion astronomers have been able to 
recognise a number of groups, the Taurus 
cluster, the Pleiades, the stars in Orion, 
those m the Beehive (Praesepe), and a 
numerous scattered group of stars of 
great luminosity m the constellations 
Scorpius and Centaurus The members 
of these clusters are physically related 
and the methods of estimating their 
distances will be referred to later 

When the proper motions of a 
number of stars distnbuted over the 
heavens were studied, it was noticed that 
while there was a considerable amount 
of random movement m all directions, 
yet there was a strong tendency for the 
motions to be directed towards a par- 
ticular point on one side of the sky and 
away from a point directly opposite on 
the other side The astronomer who was 
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THE MINUTENESS OF PARAEEAX MEASURES 


This illustration gives some idea of the minuteness of the quantities 
actually measured m determining stellar parallaxes by the photographic 
method A second of arc on one of the Greenwich parallax plates is 
about one third of the diameter of a single human hair , and yet 
displacements of stars are measured correct to one hundredth of this 
minute angle 
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first to explain this as due to a motion of translation of the Solar System in space, was Sir William 
Herschel m 1783 His conclusion was that the point of the sky from which the stars appear to be 
separating is the one towards which we are moving, and that the opposite point to which the stars 
generally appear 
to converge was 
the direction from 
which we are re- 
ceding m space 
The apparent 
motions of the 
stars are theie- 
fore made up of 
their own mdi- 
vidual move- 
ments, combined 
with that of the 
Sun reversed The 
earlier investiga- 
tors, who corrob- 
orated Herschel’s 
results as regards 
the direction of 
movement, could 
not determine the 
speed of transla- 
tion In order to 
do this the dis- 
tances of the stars 
would require to 
be known so that 
the angular mo- 
tions could be 
turned into linear 
movements 

In considering 
the proper mo- 
tions of the stars 
it must be remem- 
bered that our 
observations do 
not give the true 
direction or 
amount of the en- 
tire motion, but 
merely that part 
of it which ap- 
pears as a change 

in position of the star m a plane at right angles to the line joining it and the observer Of the 
component of motion m the “ line of sight ” nothing was known until the application of the spectro- 
scope to the problem By the displacements m the lines of the spectra of the stars, we are now able 



From “ Astronomy for All ”] [Bv permission of Messrs Cassell & Co, Hi 

A MFRIDIAN CIRC I, K 

This is the type of instrument whereby the apparent positions of stars m the sh\ art determined with 
great precision For this purpose it is piovidccl with circles divided ver> accurately oil silver or gold 
and the divisions are read by means of microscopes Continuously repeated observations of the same 
stars vear after year have provided data tor calculating the proper motions of the brighter stars, but 
those of the fainter ones aie now generally deduced from the measure ment of photographs 




464 


Splendour of the Heavens 


to measure accurately the speed m miles per second with which a star appears to be approaching to or 
receding from us As in the case of angular proper motions, the observed speed m the line of sight, or 
radial velocity, is that of the star and the component of solar motion in its direction 

From observations of radial velocities of stars in all parts of the sky, it has now been found that the 
Solar System is moving with reference to the system of the surrounding stars, with a speed of 
about 12 1 miles per second towards a point on the borders of the constellations Lyra and 
Hercules not far from the bright star Vega This velocity will carry us about 382 million miles m a 
year, so that the stars near us at the present time are generally a different set from those previously 
occupying the solar neighbourhood, and m the future others will take their place 

This motion provides us m the course of time with a much greater base line than the diameter of the 





MOTIONS OF THE STARS IN THE PLOUGH 

This diagram shows on an exaggerated scale the motions in the sky of the Plough and neighbouring stars All but Alpha and 
Eta are movmg together through space, and are situated at a distance from the Earth which Eight, moving at 186,300 miles 

per second would take about eighty years to traverse ’ 

Earth's orbit, for the measurement of stellar distances A star which would shift its position in the 
sky by only one-hundredth of a second of arc while the Earth m its orbit moved from one side to the 
other of the Sun, would show a shift of nearly two seconds, after the lapse of 100 years, from the motion 
of the Sun through space, and two seconds of arc is an angle which although very small, is much easier 
to measure than one-hundredth of a second Similarly, the small proper motions of the stars which 
are too minute to be seen in a year’s time become noticeable in a century, and the careful observations 
of several generations of astronomers have provided us with the changes in position from which are 
derived the motions of the stars across our line of vision which are termed their proper motions 

This new base line enables us to determine the average distances of groups of stars on the assump- 
tion that the different stars are movmg in random directions and that therefore their in dividual motions 
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cancel each other in taking the average From studies of this kind, we have been able to get reliable 
information regarding the distances of the great clusters and groups of stars and as a ^consequence to 
penetrate farther into space than by the direct measurement of individual parallaxes 

For example, we may find the average parallax of the stars of a particular grade of brightness by 



the; twenty h\e nearfst stars. 

Our nearest twenty five stellar neighbours (eight of which are double) are here shown at their relative distances Their total 
brightnesses vary from twenty-eight tunes (Sirius) to about a seven teen-thousandth (Proxima) of the Sun The relative si/es 
of the stars are approximately as shown but are exaggerated enormously in comparison with their distances apart 

the use of this base line. As is described in another chapter, the stars are graded m stellar magnitudes* 
those visible to the snaked eye being included in the first six magnitudes or so 

Taking each class and dealing with that part of their proper motions which is a reflex of the trans- 
lation of the Solar System through space, averages as follow have been determined It should be borne 
m mind that there is a great diversity of brightness m the stars, and that consequentlv those which are 
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classed together in a particular grade of 
apparent brightness are really at extremely 
varying distances The figures given are 
therefore only rough averages Meanwhile 
it will be as well to note that (as will be 
described in the chapter on Giant and 
Dwarf Suns) the redder stars have a much 
greater diversity of brightness and distance 
for a given apparent magnitude than the 
whiter ones 


First magnitude 

80 light-years 

Second ,, 

100 

Third 

135 

Fourth 

170 

Fifth 

215 

Sixth ,, 

2 SO 


There is another method by which the 
measured proper motions and radial veloci- 
ties are utilised to give average distances of 


From u Astronomy far l# w j permission of Aftssrs Cahill <$• Co, Ltd 

OK ION TO DAY AN1> AGES HENCE 
The propci motions of its individual stars will, m the course of unnv 
thousands of \»ms mmphUl} distort the whole constellation and 
rtndtr it uttuh unlike 1h< fmnihai form we know to day 

gioups of stars IVihaps a simple illustration will help us in making clear the means by w T hich this is 
done Phr teadei nwv imagine himself at sea and that all round aie a 
numbid ot \< i\ distant boats moving at landom in all directions With 
a telescope the motions can be studied and tabulated so that we could 
say, for example, that the boats were moving on an average perhaps ten 
degiees of an jn t hour across the held of view This by itself would not 
tell us anything about the distance of the boats 

It, howe\ei. we knew that the actual rate of movement across our 
held ot \ lew wne on the average five miles per hour, some moving faster 
and some slowir, then the problem would be to find how far away an 
object must be so that a base hue of five miles must look like ten degrees 
The answet would 1 m* that the boats must be, on the average, about 
twenty-eight miles from us Some might be much closer and others much 
farther away, lmt if then average movement across the field of our 
telescope wen* ten degiees pu hour and we were able to find that their 
average aitual movement was live miles in an hour, we should be able 
to ascertain then average distance as given above 

In the ease ot tin stars the problem is more complicated than in the 
simple initiation, us tin* observer is m motion due to the translation 
of the Solar System Flu* value of tin* Sun’s own motion through space 
must theietore In* < Innmated from the observed radial velocities of t e 
stars and that part only of the proper motions used which is not affected 

by tilt* jouinev of the Sun through space 

The measurement of the distances of clusters of stars such as those 
mention* <1 in an cuiher paragraph is made by a vanation of this metho 
In the case of the Taurus Moving Cluster, which consists of a number oi 
stars of about the touitli magnitude and faintei situated mainy in 
constollnt ion 1 auras \\ ith the Hyades cluster nearly at its centre, common 
propel motions have been known for some time When t ese mo 10 
are shown graphic al!\ a sinking feature presents itself They are an 
apparently uimeiging to a point in the sky about hve egrees eas 



rrom “ Astronomy for 4.11 ’] 

\By permission of 
Messrs Cassell & Co , Ltd 

CHANGES IN THE PLOUGH 
IN 200,000 VI VRS 
The middle picture shows the 
Plough as it appears to us 
to day, the ai row s indicating the 
directions m which the individ- 
ual stars are nio\mg I he 
motions are too slight to make 
any obvious change m the shape 
of the group m a short tune 
but the upper and low er pictures 
show the effect of the movement 
100,000 years hence and 100,000 
\ ears ago respective!} 
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the bright red star Betelgeuse 
An exactly similar con- 
verging motion is observed m 
the case of the apparent paths 
of a flock of birds or squadron 
of aeroplanes which are fly mg 
across our line of sight and at 
the same time receding from us 
Now the receding radial veloci- 
ties have been spectroscopically 
measured for a number of the 
stars concerned, and conse- 
quently we can calculate the 
true paths of the stars of the 
cluster m space assuming that 
they are really parallel and that 
their convergence is only appar- 
ent and due to their recess on 
from us We can then compute 
the distance of the cluster as 
about 130 light-years and also 
its dimensions assuming the 
shape to be roughly spherical 
The diameter would appear to 
be about fifty light-years 01 
nearly twelve times the dis- 
tance separating the Sun and 
the nearest star Independent 
measures of parallax of some of 
the stars by various methods 
corroborate these values By 

this and other methods referred to later, the distances for well-known clusters and groups of stars 
have been found as below — 
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Drawing Ly] [II H Shan-nson 

A RUNAWAY STAR 

An insignificant stai m Ophiuchus, between the ninth and tenth magnitude, was 
shown by Barnard 111 10 16 to ha\e the largest proper motion \ et known This 
motion amounts to 10 1 seconds ot aic per year, enpugh to displace the star a INIoon’s 
breadth in about 100 jears The chart above will enable anj observei to find the 
stai (with a small telescope) aftei identifying the star (16 Ophiuchi on a stai cbait 
The motion m se\ uit\ \ ears is indicated bv a dotted lmc 


Cluster or Group 


Approximate Distance , 
Light-Years 


Stars m the Plough 80 

Stars m Taurus Group (including Hyades) 130 

Stars m constellation Coma Berenices 290 

Moving Group xn Perseus 350 

The Pleiades 350 

The Beehive (Praesepe) 400 

Stars m constellation Orion 600 


As in the case of the problem of measuring the Sun’s distance, there are some indirect ways of 
getting at the distances of the stars m addition to those based on the apparent shift of the stars in the 
sky caused by motion of the Earth m its orbit, of the Solar System m its translation through space, 
or of the stars themselves There is, for instance, the method based on photometry or light 
measurement 

It is an everyday experience that the brilliancy with which lights appear to us, a row of street lamps 
for example, depends upon the actual brightness of the lamp (its candle-power) and upon its distance 
from us Similarly, a star’s apparent brightness is dependent upon these two factors of real luminosity 
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and distance Since the apparent intensity of a light varies mveisely as the square of its remoteness 
from us (twice as far meaning one-quarter the light, and so on) it would be a simple matter to determine 
the distance of a star if we knew both its actual and its apparent output of light 

For the purpose of expressing the difference m apparent brilliancy of the stars, astronomers have 
adopted a scale, the unit of which is called the magnitude, each magnitude differing from the next 
higher or lower on the scale m the ratio ot 2 512 to 1 This number appears rathei an awkward one to use 
but has certain advantages mathematically and is founded on an adopted ratio ot 100 between the 
lights of an average first magnitude star and one five magnitudes fainter In order that a star will 
shine one magnitude fainter it would require to be put at 1 585 times its previous distance, this number 
being the square root of 2 512 Or, inversely, a star brought nearer so that it shone one magnitude 
brighter, would be at about sixty-three per cent of its former distance 

These relationships assume that there is an unobstructed passage of light through space For 
example, if a row of street lamps is observed through a mist or fog, those farthest from the eye are 
dimmed to a greater extent than those nearer at hand, and we might consider them to be more remote 
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APKX OF 1 1115 SUN’S WAY 

The Sun and its attendant tram of planets aie moving through space at about twelve miles pa second The direction of 
this movement has been computed from the motions of the stais on the sky On the one e ide of the sky those stars to which 
we are approaching appeal to open out , on the opposite side those we arc leaving appear to close up, pist as trees appear to 
do to a man moving through a forest The mosses show the point to whieh the movement i c directed, according to various 

astionomers 
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than they really are if we made no allowance for the absorption of light For some time astronomers 
were of the opinion that there was evidence of a diminution of stellar light m its transit through space 
by the action of some sort of celestial fog or through want of perfect elasticity m the aether, but the 
most recent research would indicate that the loss, if any, is quite inappreciable, except m parts of 
the sky where certain obscuring clouds are to be found 

Until quite recently it was not possible, howe\er, to estimate the parallax of a star by photometric 
methods There was no means whereby stars could be graded in regard to their true luminosities, all 
that could be said 
being that their 
light outputs var- 
ied very greatly 
irom one star to 
another In the 
next two chapters, 

“The Message of 
Starlight " and 
“Giant and Dwarf 
Suns," a descrip- 
tion will be given 
of the modern dis- 
coveiy which en- 
ables us to make 
fairly close esti- 
mates of the real 
luminosity of any 
star of a particular 
colour or type of 
spectrum, andfrom 
this development 
in knowledge, it is 
now possible to 
obtain an idea of 
distance of stars 
and objects in 
cases where the 
remoteness is far 
beyond the possi- 
bilities of direct 
parallax work 
Parallaxes found 
by this method are 
referred to as 

“ spectral paral- T 

la\cs ” depending as they do on the identification of the spectral types of the stars concerned In 
the case of stars which are too faint for determination of their spectral type, we are able to de- 
termine their colours by the use of coloured screens superposed over specially sensitised photographic 
plates These colour values can also be related with some precision to luminosity of the stars 
concerned and information as to distances be thereby obtained 

Another indirect method of the greatest value and importance is that devised by t e encan 
astronomer W S Adams, of Mount Wilson, California From an examination of the spectra of stars 



[W ti bteavenson 

Drawing by) EARTH’S PATH IN SI* ACE 

The result ot its orbital motion, combined with the bodily translation of the Smi and the whole 
Solar System is that the Earth’s path in space, relative to the visible heavens as a whole, is in the 
nature of a helix, or corkscrew The considerable extent of the solar motion m a single ycarta iShown 
to scale on the above diagram, and it will readily be seen that it must provide a very respectable 
base lmc for parallax determinations after the lapse of i number of >ears 




TAURUS M0\ ING CLUSTER 

A.bout fortv stars are known to have apparent converging movements towards a point east of the bright red star Betelgeuse By these movements and the velocity m 
the line of sight measured by the spectroscope, the distance of the group has been found to be such that light takes 130 years to travel fiom these stars to us 
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\ “P^ANFTARY” NBBUIyA 
This type of nebula consists of 
a shell or globe of gas, 
generally with a star like 
nucleus at the centre The 
presence of this nucleus affouls 
for measurement a wcll- 
deflnc 1 point, such as is lack- 
ing in most other tjpes of 
nebula Hence it has been 
possible to measure the paral- 
laxes of several “ plauetarics ” 
The distance of the out above 
is found to be about 1(U) 
light >cars 


of known distances it has been found that the intensities of certain of the 
lines m their spectra vary with the true luminosity of the star If these 
lines aie studied m the spectra of stars for which the distance is required, 
the real light output can be closely estimated, and this, m conjunction 
with the star’s apparent brightness, at once furnishes the data for com- 
puting the distance We have here a method which, although depending 
fundamentally on direct parallax determinations for its scale, enables us 
to get knowledge of distance It is not limited, as in the case of direct 
parallax determination, by the length of a base line, but is applicable to 
stars, however distant, providing they are bright enough to permit of 
photographing their spectra on a sufficiently extended scale, and obviously 
the limit here is size of telescope which is much more easily got over than 
inadequacy of base line Over 2,000 stars have been dealt with m this 
way, the values got having been given the designation “ spcctioscopic 
parallax ” 


mg in most other tjpes of An approx- 
nebula Hence it has been , 

possible to measure the paral- imatC paraflax 
taxes of several “ plauetarics ” for a binary 
The distance of the out above , , , 

is found to be about 3(H) stai , in which 

light > cars relative move- 

ment of the two components has been 
observed, can be calculated from a law 
connecting the masses of such systems 
with their times of revolution and the 
distances apart of the constituent bodies 
The period of revolution being known, 
the masses are assumed to be comparable 
with that of the Sun, or of similar binaries 
for which the distances have been meas- 
ured and the masses calculated, and the 
linear distance between the components 
can then be computed The angular 
separation of the stars is measured and 
knowing the linear dimension to which 
this angle corresponds, the paiallax is 
derived As the value thus obtained 
depends on an assumed mass, it is only 
approximate and is termed a “ hypo- 
thetical ” or “ dynamical ” parallax 
Another class of stars for which paral- 
laxes can be indirectly derived are the vari- 
able eclipsing binary systems For these 
objects, which will be descubed m the 
chapter on Variable Stars, the diameters 
of the two stars can be calculated from 
the shape of the curve of light variation 
The intensity of surface brightness, or 
light emitted per unit of surface area m 
comparison with the Sun, can be esti- 
mated when the spectral type has been 



Photo by 1 [Judge*,' L*d 

DISTANCE AND IyUMINOSIUY 

The apparent luminosity of a source of light varies inveisely as the 
squaic of its distance from the observer Applying this rule we can 
estimate the distance of a star (or lamp) if we know its real bughtness , 
or, conversely, we can deduce the latter if we know the distance 
Both applications of the law arc m use by astronomers in the detei- 
mmation of the distances and “ absolute magnitudes ” of the stars 
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These two objects, which are together visible to the naked eye as a misty patch, are among the 
finest examples of the “ open ” type of stellar clusters Tike most others of their class they are 
situated in the course of the Milky Way, and are characterised, as distinct from the “ globulars,” 
by the great brightness of their component stars, which are also more loosely and irregularly 

distributed 


ascertained From 
the calculated dia- 
meters the areas 
of surface are com- 
puted and these in 
conjunction with 
the intrinsic sur- 
face brightnesses 
give the total light 
output in terms of 
the Sun's The 
apparent bright- 
ness being known, 
we then have the 
necessary informa- 
tion for deriving a 
hypothetical par- 
allax In this way, 
estimates of the 
distances of nearly 
two hundred eclip- 
sing pairs of stars 
have been secured, 
most of which are 
too remote for di- 
rect parallax mea- 
surement 

The indirect 
methods are used 
m estimating the 
remoteness of such 
objects as the ob- 
scuring clouds. 


globular clusters, 

and the Milky Way clouds of stars In the case of the obscuring clouds the task of measuring 
the distance of such indefinite and amorphous masses might appear beyond our powers 
However, the very circumstance by which the existence of these clouds is revealed provides a means, 
namely, the deficiency of stars m the sky In the case of one which covers about seventy square 
degrees of the northern part of Taurus, counts of the stars have been made which show a marked drop 
in the number per square degree inside its confines The stellar density is found to be only one-fifth 
of what it is in the immediately surrounding parts of the sky, and the reduction m the brightness of 
the stars can be calculated from this deficiency in numbers, and also the distance of the stars on the 
nearer side which are not affected These calculations indicate a distance of about 500 light-years 
There axe some stars involved which are abnormally red in comparison with others elsewhere of the 
same spectral type, and this is supposed to be the effect of the cloud, which, like fog, is thought to be 
likely to redden stars seen through it The minute directly measured parallaxes of these stars agree 
as well as could be expected with the distance derived from the counts of stars 

Another obscuring mass of great interest is situated on the borders of the constellations Ophiuchus 
and Scorpius Here the parallax has been estimated from the deficiency in numbers of a particular 
type of star, the hot white B type These are relatively scarce in this region for the grades fainter than 
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about the sixth magnitude Now this type of star is one for which the real luminosity is fairly constant 
from one star to another and the value is well known Assuming that the relative absence is due to 
the screening effect of the cloud, the distance is calculated to be approximately 800 light-years 

The distances of the luminous nebulae have been found in some cases by studies of the stars with 
which they are connected For example, m the case of the great nebula in Orion, the stars in that 
constellation are believed from their proper motions and luminosities to be about 600 light-years away, 
and the nebula is obviously connected with many of them Certain forms of nebula, known as the 
planetary type from their planet-like disc shape, have central stars which can be made the subject 
of direct parallax measurements with powerful photographic telescopes They can also be measured 
for proper motion, and an idea of their average parallax then obtained Certain of the larger ones are 
situated at distances of from about 80 to several hundred light-years, while the average for over 
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lE E Barnard 

Ph0t0 byl the GREAT STAR cloud IN SAGIllARIUS 

This great mass of stars forms one of the brightest sections of the Milky Way The dose aggregation of the 

only apparent, being due largely to their great distance and to the fact that we are looking through a f . ° f s tHl 

depth A recent estimate of the distance of this star cloud is 200,000 light-years Other poitions of the Milky Way are still 

more lemote, perhaps as far as 400,000 light-years 
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seventy whose motions are known is about a thousand light-years as found by the method of pioper 
motions and radial velocities described in a preceding paragraph 

With regard to the problem of the distances of star clusters, so remote that even the lapse of a long 
period of time does not show any apparent change of position in the sky, this is attacked by various 
indirect methods which are mainly based on photometric studies of the included stars There are two 
general types of star cluster the open or loose type, and the globular cluster The former are all near 
the plane of the Milky Way, and are situated at very varying distances from us which are not known 
with any degree of precision except for such nearer objects as the Pleiades or Hyades The estimation 
of the parallaxes of globular clusters cannot be based on the direct geometrical methods , the order of 
remoteness is far too great for this By comparison of the magnitudes of the brightest stars in them 
with those of the same spectral type or colour in the neighbourhood of the Solar System, distances 



ESTIMATING- THE DISTANCE OF AN OBSCURING CI<OUD 
lam dark markings on the skv, due to clouds of dust and gas which absorb the light of the stars beyond them, arc known 
The distances of several have been estimated from their effect in reducing the number of stars visible as compaictl with 

those in sui rounding parts of the skv 

have been derived by modern workers Another method used is founded on a remarkable law con- 
necting the luminosities of a particular type of variable star (the Cepheid), common in the globular 
clusters, with their periods of variation, which will be described in the chapter on Variable Stars 
From the distances thus derived a similarity in the actual diameters of the globular clusters has been 
found The remoteness is thus directly proportional to the apparent angular diameter of the cluster 
and this can be applied to finding the parallaxes for the smaller and fainter objects of the class whose 
individual stars have not yet been studied The distances obtained from these methods by the American 
astronomer Dr Harlow Shapley, of Harvard College Observatory, are exceedingly great, and much 
m excess of what has been believed since the time of Sir William Herschel, who also favoured very 
great remoteness for these objects, although, perhaps, on inadequate observational material Shapley’s 
distances, which are now generally thought to be of the correct order of magnitude, vary from about 
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21,000 light- ye, us m tlu> < u-< <>t tlie ne nest (Omega Centaun) to about 220,000 light- 5 ears for the most 

out h< ill lu mispheu , there are visible to the naked eye two nebulous spots of 

light, not unlike 


remote 

To observe is m t In 



From ] [“ Knowledge 

DARK CLOUDS VIvAR RHO OPHIUCHI 

The distance of these markings*, and of the luminous nebulae which are probably connected 
with them, has been estimate* t by sevcrul astronomeis From their obscuring or screening 
action there is a relative dehUency of the hot white B type stars, the distance* of which are 
appioximately known By thin criterion l>r Shapley of Harvard College Observatory has 
denved a distance for the clouds of between 050 and 1,000 lignt-jears 


portions of the 
Milk}" Way alt ho ugh 
appearing some 
distance m the sky 
from the galactic 
circle, known as the 
Magellanic Clouds 
or Nubeculse From 
the known lumin- 
osities of some of 
the stars m them, 
particularly the 
bright white stars 
and the Cepheid 
variables, and also 
from the angular 
diameters of some 
globular clusters 
situated in the 
greater Cloud, the 
distance and di- 
ameter have been 
estimated at 

115.000 and 15,000 
light-years respec- 
tively for the larger, 
and 65,000 and 

5.000 light-years 
for the smaller 
Cloud These ob- 
jects are possibly 
universes separate 
from the mam stel- 
lar system and con- 
tain stars, clusters 
and nebulae of 
varied types 

The distances 
and constitution of 
the spiral nebulae 
are matters which 
are as yet the sub- 
ject of considerable 
controversy Some 
astronomers c o n - 
sider these bodies to 
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be separate universes of stars, basing this conclusion largely on their spectra, which resemble that of 
a star or of a compressed cluster of stars, and also on the appearance of temporary stars in them which 
if of the same order of luminosity as those appearing elsewhere in the sky would indicate distances of 
millions of light-years Other astronomers, however, believe them to be composed of dust and gas 
shining by reflection from the stars included in them, the distances being comparable with those of 

t e globular clusters Van Maanen has lately shown that motion of the various portions of certain 
spirals can be detected after an 
interval of only a few years, 
and, if the actual velocities are 
of the order of those observed 
elsewhere in the heavens, motion 
could hardly be manifested m 
so short a time at distances 
greater than a few thousand 
light-years The final solution 
of the problem of their distances 
is for the future, but the present 
trend seems towards the smaller 
values 

The distance of the confines 
of our universe of stars has been 
estimated by various astrono- 
mers by methods based chiefly 
on the luminosities of stars 
Assuming that the faintest stars 
photographed m the Milky Way 
are comparable m real output 
of light with the brightest orbs 
in the neighbourhood of the 
Sun, the farthest limits must be 
tens of thousands of light-years 
distant Dr Shapley has shown 
that the globular clusters are 
evidently part of our universe 
and that the Milky Way seems 
to be co-extensive with the 
system of these clusters If so, 
the diameter of the stellar 
system is probably something 
like 300,000 light-years The 
consideration of this, hcto/ever, 
belongs more properly ft the 
question of the Structure of 

the Universe, which will be dealt with in a later chapter One remarkable feature of the 
sky as presents tfsdf to as is worthy of reference With the naked eye on any del” nraht , 
are loobng at the tnhabttants of space, »of as they exrst at the moment of obse™,..^ J iiey 

S vtlr^ ™Se? m ' S * * “ P '° ab0Ut Sm 0r “ ■*> ' Thts ,s bec,r s e “e 1“ dS 

With the aid of even a ™In”t T “ dl f tin “ s r “S m ( ! “P 10 something like 2,000 hght-years 

“mly ££Ti Lt“r 0Pe ,h ' *“ * “■<«■* - —s of 



EDMUND HAIAEY (1656-1742) 

ll i2) and . a coutem P fliar y and friend of Newton 
s vered the periodicity of the comet bearing his own name and the nront r 

2?“? r, eral ° f K the : 11x6(1 " stars He also devised a 
the Suns distance by observation of Transits of Venus across the solar disc 
One of his greatest services to science consisted in persuading Newton to publish 
his immortal gravitational discoveries 
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CHAPTER XII 

THE MESSAGE OF STARLIGHT 

By Herbert Dingle, B Sc , F R A S 

I T is remarkable that the stars and planets, though to the eye they appear almost indistinguishable, 
have actually scarcely a feature in common If one runs in mind through the various charac- 
teristics of the heavenly bodies in which the astronomer is interested — size, mass, movements, 

temperature, brightness, and the rest — the 
differences, without exception, are almost as 
great as it is possible to conceive To the 
ancients, of course, these differences were un- 
known In calling a tew of the heavenly bodies 
“ planets ” — that is, “ wandering stars ” — they 
called attention to the one clear point of dis- 
tinction which they could establish between 
those bodies and the stars — their movements 
were different It had to be left to modern 
times — and, in the main, to the second half of 
the last century — to show how radically distinct 
were the two types of body 

For a time, indeed, it seemed as though the 
chief effect of the advance of knowledge, so far 
as the stars were concerned, was to emphasise 
our ignorance In very early times, the relative 
distances of the blighter planets were known, 
but not those ot the stars To the early 
astronomers the stars were all at the same 
distance — how great, none could measure — 
embedded in a ciystalline sphere which revolved 
with absolute precision once a day round the 
Earth Later, during the Renaissance period, 
when the form and laws of working of the Solai System were discovered, the stars still preserved their 
mystery fhe labours of Tycho Brahe and Kepler, the telescopic observations of Galileo, and even the 
genius of Newton, alike billed to throw the faintest light on the problem of the stars The great forward 
movement in astronomical thought which took place at that time not only told us nothing about them , 
it took away even the little which we 
thought we knew before It showed 
that the diurnal movement of the stars 
was not a real movement at all, but an 
illusion arising from the daily rotation 
of the Earth on its axis , it was not the 
stars that moved, but we ourselves 
The telescope, which had revealed so 
much in our own Solai System, could 
do nothing with the stars It showed 
them still as points of light — brighter, 
it is true, and increased in number, 
but without the slightest hint of magnifi- 
cation There was no perceptible 
change of position of the stars as the 
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Stdis whobe images appear of the same size on the two plates are bluish- 
whitc stars The star Lygni) which appears much laigei on the 
right-hand plate is a red stai 
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The Newull Telescope, when it was elected, was the largest 
ref lading telescope m the woild It is now at the Solar 
Physics Observatory at Cainbndge 
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Earth moved across many millions of miles m its orbit — an indication that the stars were exceedingly 
distant, but entirely devoid of anything more definite We were left with a sky peopled by unnumbered , 
immovable, unmeasured points — a series of negatives with no apparent sign of a positive 

And yet all the time there was a positive, so obvious as to be overlooked, and yet so exceedingly 
significant that we can see no limit to the knowledge that it is able to bring to us We might have added 
the word “ luminous ” to our list of ad]ectives, and by so doing have taken the whole sting out of the 
array of negations For, m the fact that a star emits light lies the possibility of the latest and most 
extensive branch of Astronomy — Astrophysics The planets also send light to us, but not their own 
light They reflect the light of the Sun, and so, in the most important characteristic of all, we see that 
they and the stars are unlike one another We can study the planets because light shines on them , 
we can study the stars because their light shines on us 

The message of starlight is delivered m three more or less distinct ways It is embodied, first of all, 
in the total amount of light we receive from a star, or (a closely related quantity) the total amount of 
light which the star sends out in a given time Secondly, there is a message m the colour of that light 
Stars, as we know, differ greatly in colour, from the red glare of Antares or Betelgeuse to the clear 
bluish-white glow of Rigel or Regulus Finally, and most striking of all, there is the structure, or 
spectrum, of the light We must consider briefly how these three characteristics of starlight have 
opened up a new heaven to the watchers of the skies 

The principles and methods concerned in measuring the apparent brightness of the stars will be 
fully discussed m a later chapter It will be sufficient here to say that astronomers have adopted a 
regular classification of the stars according to their bnghtness, as seen from the Earth The divisions 
of this classification are termed “ magnitudes/’ and each of these is numbered according to its oidei 



SIR J OSEPH NORMAN EOCKYER, KCB, F R S 
Sir Norman Eockyer was one of the pioneers of Astrophysics, 
and was the originator of the modem view that stellar spectra 
are determined mainly by temperature His work covered the 
whole field of Astronomy He was the founder and editor for 
fifty years of the scientific journal, “ Nature ” 


in the scale Thus the brightest stars die 
said to be of the “ first ” magnitude, while 
the faintest visible to the naked eye are 
classed as of the “ sixth ” Stars of any ore 
magnitude bear a definite relation to those 
of the next below, being almost exactlv 
two and a half times as bright This rule 
is extended to the telescopic stars, when* 
magnitudes even as low as the twenty-first 
are within the range of powerful instruments 
There is no fundamental difficulty m 
measuring the apparent magnitude of every 
star that can be photographed , the one thing 
necessary is time Unfortunately, that is 
not true of the real brightnesses of the stars 
A knowledge of th6 real brightnesses of 
the stars involves a knowledge of the dis- 
tances, and this, unfortunately, we possess 
for comparatively only a very few stars It 
is known that, if a source of light be placed 
at varying distances from the eye, its apparent 
brightness will vary as the inverse square 
of the distance For example, if a star has 
a certain apparent brightness at a certain 
distance, it will appear only one-quaiter as 
bright if it is removed to twice the distance 
Suppose, then, that we know the distances 
of a number of stars, and have measured the 
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apparent brightnesses We can then calculate rela- 
tively how bright the stars would appear if they were 
all brought to the same distance from the eye, and it 
is clear that their apparent brightnesses m that event 
would represent their real brightnesses, for the effect 
of varying distance would be eliminated A standard 
distance of ten parsecs (parallax 0 1 second of arc 
corresponding to a distance of 190 million million 
miles) h&s been chosen, and the apparent magnitude 
which a star would have at that distance is called its 
absolute magnitude It is clear that m the absolute 
magnitude of a star we have some information about 
the character of the star itself 

It appears that the absolute magnitudes of stars 
vary over almost as wide a range as their apparent 
magnitudes There are stars 10,000 times as bright 
as the Sun, and others which, even at the standard 
distance, are too faint to be detected by virtue of their 
light This is exceedingly important, for it assures 
us that, whether or not the stars were all alike at birth, 
there are certainly very wide differences between them 
now Moreover, there is a perfectly gradual tiansition 

in brightness from one extreme to the other It is 

not a question of a few stars being very much brighter i>roffssor ai,frjvI> fcOWiAvR, frs 

or very much fainter than the great uniform majority ProJkbsor Bowler, of the Imperial College, South 
Everv stage of luminosity, from the highest to the Kensington, is one of the grmtwt of lmns authorities 

J^\eiy UJ. 1U I i. V y, O oil Spectroscopy as an independent science and as a 

lowest, IS well represented, SO far as can be ascertained branch of Astronomy He has made many contribu 

from the limited amount of information that has been tions to the a " d to 

accumulated with regard to absolute stellar magni- 
tudes Evidently we are here in the presence of knowledge of very great importance We must 
leave foi a future chapter, howevr, , the discussion of its meaning At present it will be sufficient 
to remark that it must be taken in conjunction with other messages of starlight before its full significance 

can he realised , 

Turning now to the qiestion of colour, probably the first thing that will strike us is that there 

seems to be no possibility of measuring the colour of a star and expressing it by a number, as we saw 
was done with respect to brightness In this, however, we are wrong In the early days of colour 
measurement, such a classification was attempted by constructing a rough arbitrary scale, m which 
the bluest stars were numbered 0, and the reddest 10, and the numbers were assigned according 
to the judgment of the observer Here, it is true, there was no possibility of precision or freedom from 
individual bias, and although such a classification was better than none at all, very little definite 
meaning could be attached to the colour-number of a star At the present time, however, a much more 
delicate method of colour measurement is adopted , in fact, three distinct methods have come into 
general use, and the results which they give are quite consistent with one another The colour of a 
star is expressed by its colour-index, its effective wave-length, or its exposure-ratio We will see briefly 
what each of these terms means 

The estimation of colour by means of colour-index depends on the fact that the apparent magnitude 
of a star, as we have defined it, is determined, not only by the brightness of the star and its distance 
from us, but also by the instrument which is used to receive the light which the star sends out We 
might, for example, compare the star under examination with a standard star by means of the eye 
or by means of photography, and the results we obtain might differ widely, in a manner depending only 
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on the coloui of the star For, as we know, the eye is sensitive to the whole 
of the visible spectrum, whereas an ordinary photographic plate is scarcely 
affected by the red, yellow, and most of the green rays, but, on the other 
hand, registers the ultra-violet light, which the eye cannot see, as well as 
the visible blue and violet light If, therefore, a star has most of its radia- 
tion near the red end of the spectrum, it may appear as a bright red star 
to the eye, but as a very faint object on the photographic plate A star 
having most of its radiation in the blue, however, may appear bright to 
both eye and plate, or, if the radiation extends in strength far enough into 
the ultra-violet, the star may even appear brighter to the plate than it 
does to the eye The difference evidently depends on what region of the 
spectrum contains the greatest part of the radiation from the star, which 
is simply another way of saying that it depends on the colour of the star 
Accordingly, the difference, photographic minus visual magnitude, is a 
direct measure of colour, and is therefore known as the star’s colour-index 
If the difference has a large positive value, the star is very red (remember 
that, the brighter the star, the smaller is the number representing its 
magnitude) , if, on the other hand, the difference has a zero or negative 
value, the star must be blue Colour is thus estimated on the sanne scale — 
the scale of magnitudes— as is brightness Since a direct comparison 
between the photographic and visual scales is not possible, the “zero- 
points of the two scales have to be chosen independently They are 
by common agreement, made such that a certain defined type of blue star 
has a zero magnitude on each scale The way is then clear for the deter- 
mination of colour with the same degree of precision as that achieved in 
the measurement of brightness 

A second method of colour estimation is the direct determination of 
the region of the star’s spectrum which most strongly affects a photographic 
plate sensitised for all colours A spectrum of the star is obtained with 
exceedmgly small dispersion, so that it looks very little different from the 
direct photograph of the star itself This spectrum will affect the photo- 
graphic plate most strongly at the point corresponding to the light m it 
which has the greatest intensity, and therefore which has the greatest 
effect in determining the colour of the star The wave-length of the light 
at this point is called the effective wave-length , the larger the effective 
wave-length, the redder is the star It is found that the relative colours 
of two stars, as determined by colour-index and by effective wave-length, 
are, in general, in the same order, and the two methods are therefore con- 
sistent with one another 

Thethnd method— that of exposure-ratios— is due to Professor Seares, 
of the Mount Wilson Observatory, who has done a great deal of very valuable 
work in connection with the standardisation of magnitude and colour 
measurement Two photographs of a star are taken — one on an ordinary 
photographic plate, and the other on a plate which is sensitive to the 
whole of the visible spectrum, and is arranged, by combination with 
suitable hght filters, to record images having the same relative intensities 
as those estimated by the eye The latter kind of plate can evidently be 
substituted for the eye in the determination of visual magnitudes, and it 
is, in fact, so used Its scale of magnitudes is called the photovisual scale, 
and is superior to the visual scale in two respects— first, it is independent 
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of the peculiarities of particular observers , and, second, it extends 
the application of the measurements to stars too faint to be seen 
by the eye For the determination of colour by the exposure -ratio 
method, however, magnitudes are not directly measured The two 
plates mentioned above are exposed successively to the same star 
under exactly the same conditions, and the colour is measured by the 
ratio of the times of exposure necessary to produce images of the 
same intensity on both of them It is clear that a led star will take 
much longer than a blue star to impress the ordinary plate as 
strongly as it does the photovisual one, so that it will readily be 
understood that the method gives an actual criterion of colour 
When the results of colour measurement are analysed, it is found 
that, as with magnitudes, there is a gradual transition from one 
extreme to the othei From the reddest stars, which Secchi, in the 
middle of the last century, likened to drops of blood, to the bright 
blue stars found in the constellation of Orion and elsewhere, there is 
a continuous range of colour, without a break and without a marked 
preponderance of stars of any one colour This is another example 
of the continuity of phenomena which is one of the most significant 
facts of modern Astronomy, as it was shown to be more than sixty 
years ago in the realm of Biology 

But we must hasten to the consideration of stellar spectia, which 
are, after all, a more detailed and analytical statement of the colours 
of the stars The spectrum differs from the other two qualities of 
starlight in being an essentially modern discovery Magnitudes were 
measured m the tune of Ptolemy Colour, though no attempt seems 
to have been made to classify it at so early a time, was noticed as a 
characteristic by which the stars could be partially distinguished 
But it was not until the beginning of the Nineteenth Century that the 
spectrum of a star was first seen, and no serious study of stellar 
spectra was undertaken until the middle of that century, when 
Secchi, Huggins, Rutherford and others inaugurated the new era 
m which we are now thoroughly immersed 

At the very beginning of the work it was noticed that the spectra 
of the stars were not all the same Some stars gave spectra almost 
indistinguishable from the spectrum of the Sun, while others gave 
quite a different kind of spectrum Vega, for example (see page 482), 
appeared to show only a regular succession of very pronounced dark 
lines, most of which had never been matched in the laboratory at all 
A new field of activity was opened up in the accumulation and classi- 
fication of as many stellar spectra as possible 

In spite of the variety of the results obtained, there was one 
striking uniformity — the overwhelming majority of the stars gave 
spectra of the absorption type , that is, a background of continuous 
spectrum on which dark lines appeared What this meant has been 
explained in Chapter I , a star evidently consisted of a very hot 
central core emitting light which alone would form a continuous 
spectrum, surrounded by a cooler, but still luminous, atmosphere, 
which absorbed certain rays from the light of the interior and thereby 
gave rise to the dark lines perceived The almost universal 



i 


THE SOI,AR SPECTRUM 

The solar spectrum is a typical spectrum of Class G The hydrogen hues (marked C, F, G 1 , h) are not nearly as conspicuous as they are in the earlier classes, while the two 

lines H and K of calcium, are exceedingly intense 
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occurrence of this kind of spectrum showed that nearly all the stars, including our Sun, were constructed 
m very much the same way But there were a few stais which gave bright lines on a fainter 
continuous background In some spectra the bright lines were accompanied by dark ones, while 
in others they existed alone These bright line stars have, from the moment of their discovery, 
presented some of the most fascinating problems to the astrophysicist, towards the solution of which 
•very little has yet been done They are known as Wolf-Rayet stars, in honour of the two observers 
who first detected them We can do no more than mention them here, for they are relatively too 
few m number to influence, to any great extent, the wider geneialisations that are aimed at m the 
study of the sidereal universe 

It was seen, too, at an early stage, that a large number of lines in stellar spectra were identical in 
position with lines which could be produced from familiar terrestrial substances m the laboratory 
This meant, of course, that those substances were present in the atmospheres of the stars With regard 



IARGI3 RITTROW SPECTROGRAPH AT THR 1MPRIUAI, OOJ,I V RG1C OF SURNCR \ND TFCHNOROGY, SOUTH 

KRNSJNG'iON 

This is a special form of spcetrogiaph used m obtaining high dispersion When used, it is completely enclosed m a long 
wooden box On the left are the slit and the photographic plate The light entering the slit is sent through the lens and 
prism and reflected back again, as a spectrum, by a mirror to the photographic plate 


to the lines which weic left over, there were two possibilities either they were lines of substances 
unknown on the Earth,' or else they were lines producible from terrestrial substances by some method 
not up to that time devised We can see now that these two possibilities were open, but at the time 
when the phenomena were first recorded, the second one was not admitted It was believed that 
the spectrum of an element was unique and unalterable , that no matter how a substance was made 
to emit radiation, it always emitted the same radiation, m greater or less intensity according to the 
conditions of its excitation It was Lockyer who first challenged this assumption He showed, by 
irrefutable evidence, that it was possible to make a single element produce greatly different spectra 
by raising it to different temperatures, and pointed out that, m consequence of this fact, the spectium 
of a substance might be made to indicate, not only the chemical composition, but also the temperature 
of the substance, within a fairly narrow range We shall have more to say on this point shortly, 
but for the moment we will observe only that it gave an alternative to the assumption that in the stars 


486 


Splendour of the Heavens 




there were many substances unknown on the Earth Later researches have amply justified the belief 
that this alternative represents the truth At the present time, most of the lines in stellar spectra 
have been identified, and those that remain over are, for the most part, regarded as lines that will 
probably m the future be obtained from familiar substances There is very little doubt that 
essentially the whole of the matter m the universe is formed into the ninety or so elements which are 
included m the chemist’s table 

The next point to be noticed was that, despite the variety shown by stellar spectra, it was possible 
to arrange the spectra m a continuous sequence From one type of spectrum to the next m this 
sequence, the change was exceedingly small, so that m spectra, as m magnitudes and colours, the 

law of continuity was seen to 
reign The way to classify 
spectra was therefore obviously 
to divide this unbroken se- 
quence into a number of arbi- 
trary divisions, ahd to assign to 
each division a distinctive num- 
ber or letter The earliest 
classifications, by Rutherford 
and SecchL were based on this 
principle Accordmg to Sec- 
chi’s system, the spectra were 
divided into four Types Type 
I comprised the stars with 
simple spectra, consisting of 
lines then mostly unknown, but 
now traced in the main to 
helium or (as in Vega, which 
we have previously mentioned) 
to hydrogen. Type II con- 
tained the stars with many- 
lined spectra, like the Sun The 
spectra of Type III contained 
band£, or flutings, which 
Fowler, m 1903, traced to titan- 
ium oxide Type IV contained 
flutings arising from carbon and 

By permission of ] [The Yerkes Oblatory ltS Compounds The bright-lme 

the bruce speCtrograph of the yerkes observatory stars were subsequently grouped 

The image of the starts fdcu^sed by the large telescope on "the slit at A The mto a Tvne V 

spectrum produced bjr the tram of pnsms is photographed at B The eyepiece C 0 /f _ _ 

allows the observer to make sure that the image remains on the slit throughbut the Secchl S classification IS Still 

exposure often refeijed to m astro- 

nomical literature, but, for detailed work, it has been replaced by the systepi adopted at the 
Harvard College Observatory in an extensive study of stellar spectra undertaken . as a memorial 
to the late Dr Henry Draper ^ This system is generally referred to as the Harvard, 0 r Draper, 
classification, and’*' the succession of types which it includes is known as th,e Harvard sequence 
The great majority of the stars fall into six classes, denoted by the letters B, A, F, G, K, M 
relics of what was originally an alphabetical arrangement Detailed study shows that 
there are probably two branches of the mam sequence — first, two successive classes, 
R and N, branching off at G, and second, a small class S, leaving the mam sequence at 
K There remain the bright -line stars, which are included in a class O and placed at the 






Splendour of the Heavens 


487 


head of the sequence The complete Harvard sequence of spectra, as it now stands, is therefore as 
follows — n 

0, B, A, F, G, K, M 

VS 

Secchi's Type I corresponds approximately to classes B and A , Type II to F, G, K , Type III to M , and 


B 


A 


F 


G 


K 


M 



Photo by] [Harvard College Observatory* 


THE CHIEF TYPES IN THE HARVARD SPECTRAI, SEQUENCE 
Nearly all recorded stellar spectra belong to the type represented in this photograph, or to intermediate 
types The characteristic lines of the B type are those of helium The strong hydrogen hnes in the A 
type spectrum gradually become weaker m the succeeding types The increasing complexity of the 
spectra after type F is due to the appearance of multitudes of metallic lines Class M spectra are not 
well represented m the region illustrated here 
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SPECTRA OF THE STAR o CETI (MIRA) AND TITANIUM OXIDE 
The characteristic feature of spectra of Class M, to which Mira belongs, is the predominance of flutmgs due to titanium 
oxide The identity of these flutmgs was established by Fowler in 1903, and is shown clearly m this photograph 


Type IV to N R and S are small classes which. Secchi did not distinguish The Sun is a typical star ot 
class G Examples of these types are shown in some of the illustrations With regard to the illustra- 
tions m which the gradual transition is not obvious, it must be remembered that the spectra selected 
cannot, of course, represent the whole of a class Each class itself is sub-divided on a decimal scale 
— thus, B8 denotes a star eight-tenths of the way from B to A (generally written Bo and Ao respectively) 
— and when the whole series is considered the continuity of type is obvious The particular feature of 
the spectra selected by the Harvard observers as a criterion for distinction is the relative intensity of 
the most prominent bnes Thus, the passage along the sequence of K spectra towards M is marked by 
a gradual appearance and intensification of the titanium oxide bands which appear 4 at their greatest 
strength m the later divisions of class M Other slight differences, which we shall refer to presently, 
are noticeable m the spectra, but these are ignored in the classification a star* i$ classified withm 
class K or M by the prominence of the titanium oxide bands, and by very little else 

Now, what are the salient features of this senes of spectral classes ? Omitting*the smaller classes, 
for lack of space, we will confine our attention to the main sequence B, A, F, G, K>M* since more than 
nmety-mne per cent of stellar spectra are included in these classes, we are losing very little m generality 
by thus restricting ourselves If we take up a purely chemical point of view, as the earliest observers 
did, we shall have merely to say that, in going from B to M, we find the most prominent substances 
represented in the spectra to change from helium to hydrogen, hydrogen to the metals (particularly 
calcium), and the metals to compounds (mainly titanium oxide) If, further, we assume, with most 
of the pioneers m this work, that all the substances present in a star's atmosphere must show their 
spectrum lines with intensities roughly proportional to the relative amounts of the substances 
there, we shall conclude that the earliest type stars (as stars at the beginning of the sequence are 
called) contain little but helium or hydrogen, while the late type stars contain a great variety Of sub- 
stances But, at the present time, fortunately, neither the purely chemical point of view nor the 
assumption we have mentioned is possible We must consider the physical conditions m the stellar 
atmospheres also, and it is necessary that we should digress for a moment m order to explain how a 
spectrum depends on the physical conditions of its production 

When a substance — say, a piece of thallium, is made luminous m an electric arc, it gives a certain 
spectrum *($ee page 490) If the substance is used as the electrodes m a condensed electric * spark, 
another spectrum is produced, which is only m part identical with the former one There are some 
lines common to both spectra, but the spark spectrum contains also some new lines, while some of the 
arc lines are yreak$ned or disappear altogether The significance of this change was first pointed out 
by Lockyer He attached a special importance to the lmes which were strengthened, or which appeared 
for the first time, in passing from the arc to the spark, and gave them the name of enhanced lmes 
He attributed their existence to the effect of a higher temperature than that necessary to produce 
the ordinary arc lines, and he imagined a condition of temperature m which a substance would produce 




